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THE PREFACE. 

* 

Situated, as I happily am, in the neigh- 
bourhood of the New College at Hackney^ 
an inftitution that does honour to the.Dif- 
fenters, an inflitution open to all perfons 
without diftindion*, and conneded as I 
am by friendfhip with the tutors, I was 
glad to give it every affiftaace in my power; 
and therefore undertook to read the L^ec^ 
iures m Hi/lory and General Policy whith I 
had compofed when I was tutor at War- 
rington, and alfo to give anotjber courfc 
on the fubjed of Experimental Philofophy. 
With this view I drew up the following 
Heads of heRurts ; and, to fave the ftudents 
the trouble of tranfcribkig them, they are 

♦ One gentleman of the Ronain Cathdic perfuafion, 
^nd feveral of the Church of England, are now in the 
College, 

a 2 tvc^^ 
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now printc^. To other perfons they may 
ferve as a compendious view of the moft 
important- difcoveries relating to the fub- 
jeft. 

As it was found moft convenient, with 
refpeft to the other bufinefs of the college, 
to confine this courfe to one ledlure in ^ 
week, I contrived to bring within that 
compafs as much of the fubjeft of experi- 
mental philofophy as I well could, and 
cipecially to include the whole of what is 
called chemifiry^ to which fo much atten- 
tion is now given, and which prefents {q 
many new fields of philofophical inveftiga- 
tion. 

Befidcs that the plap of the young gen- 
tlemen's ftudies would not admit of it, \ 
think it moft advifable not to trouble be- 
ginners with more than a large outline of 
any branch of fcience. By this means they 
?irc not fatigued hy too loqg an attention 
to any one fuhjeiS, a greater variety of ar- 
ticles) 
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tkilds may be brought before them, and iti 
future life they taay puffiie any pf theni as 
much farther as their inclination may dif- 
pofcj and their ability alid opportunity fhall 
enabtej thetn to do it. 

I d6 not give any account of the expert-^ 
;«w^x introduced into the feveral leAures. 
They will be fufficiently indicated by thfe 
fubjedts of them. They were as many as 
I could conveniently make within the time i 
and where the experiments themfelves 
could not be made^ I ufually exhibited both 
the different fubftances employed in theni^ 
and thofe that were the refult of them. 

Ai thefe ledtures were calculated for the 
ufe of the ftudents at the New College, I 
prefix an Addrefs to them^ the fame in fub- 
ftance with that which I delivered to them 
at the clofe of the (effion of 179 1. In it 
may be feen a fpecimen of the language we 
hold to them on the fubjedl of politics^ 
which with reafonable men will ferve as an 

a 3 -^^^NN^Xr 
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^afvver to the many calumnies that ha^irr 
been thrown out againft us, as difa^^ed 
to the government of this country. 

Such iftftkutions willy indeed, always be 
objects of hatred and dread to bi^s and the 
advocates for arbitrary power ^ but the pride 
©f a tv^lyfree country. I therefore conclude 
with noy earneft prayer (the accomplifli- 
ment * of which th^ prefent ftate of the 
College does not allow us to doubt) 

ESTO BERPETUA^ 
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To TH£ STUDSNtS AT Tfit£ NEW COLtSOS 
IN HACKNEV4 

My young Friends, 

Having drawn up the following Jf^^^ fof 
Lidures for your ufe, I take the liberty 
thus publickly to dedicate them to you } and 
as I earneftly wifh for your improvement 
and happinefs in all refpe£ts, excufe me if I 
take the farther liberty of making a few 
obfervations^ and giving you fome advice, o£ 
a more general nature, adapted to your age 
and circumftances. 

As you will foon leave this place of edu- 
cation, and enter upob 3rour feveral proftf- 
fions and employments, I hope your cou« 
dud will demonftrate to the world the folid 
advantages of this inftitution, and that the 
great expence attending it, and the heft at^ 
tention of the managers, have not been be- 
ftowedin v»in. 

a 4 Maxjoj 
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Many liberal friends of fcience, of vir-* 
tue, and of religion, have contributed to 
procure you the advantages which you en- 
joy. They have fpared no pains to pro- 
vide able and careful tutors, and you have 
had every other advantage for the profecU- 
tion of your ftadies that they could procure 
you, unclogged by .any fubfcription to ar- 
ticles of faith, or obligation of any other 
kind, befidcs fuch as they have deemed ner 
cdOTary for your own good, and to give the 
inftitution its greateft cffeft. This is an 
ladvantage you could not have found elfe- 
wherc, at leaft in this country. And in 
every feminary of educaticMi much more 
\4epends upo» opportunity .for ftudy, free 
^^om any^ohftruflion, and undue bias, than 
upon the ability of tutors ; though there is 
Ml additional advantage when they are able 
men ^ and eminent in the branches of fcience 
which they undertake to teach. But this 
. IS by no n>eans fo eflential as maiiy other 
• circumftancesv 

Whatever be the qualifications of your 
tutors^ your improvement muft chicflj de- 
pend upon yourfelvcs. They cannot th'nA 
^ . . or 
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OX. labour for you, . They can only put you 
in the beft way of thinking and labouring 
fojryourfelves. If, therefore, you get know- 
ledge, you mwft acquire it by your own in- 
duftry.' You muft form all conclufions, 
and all nfliaxims, for yourfelves, from pre- 
mifes and data collected, and coniidered by 
yourfelves* And it is the great obje<9: of 
this; ^ftitution to remove every bias the 
mind can lie under, and give the greateft 
^ope to true freedom of thinking and in- 
quiry. And provided you be intelligent 
and virtuous men, and good citizens, it will 
be no caufe of regret to the friends of this 
inftitution, if, with refped to religion^ or po- 
litics ^ you adopt fyflems of principles, and 
maxims of condud, very different frooi 
.theirs. 

. . Give mc leave, now that I am addrefling 
. you as young tnen^ and young JiudentSy to 
fuggefl: a caution on a fubjedt, of the im- 
.portance of which it is hardly poffible that 
you fliould be fufficiently aware, becaufe it 
is only imprefled by that experience which 
you have not yet had. I mean that degree 
of vanity which generally accompanies the 

acquirements 
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acquirerncnts that diligent perfons of yow 
age make iii places of liberal education^ acid 
the contempt they are too apt to entcrtaiti 
for thofe who have not made the fame pro- 
ficiency with themfelv'es. And I afTure 
you, that in the obfer^ations I ihall m^ke 
on this fubje6t, I have no view whatever 
to any thing that I have obferved, or heard, 
of any of you in particular. But I have 
4)een in your (ituation myfeif, and I know 
the importance of thefe obfervations to ftu- 
dents in general. . 

You are now at an age in which young 
perfons ufually make the moft fenfible ad^ 
varices in knowledge, and in which the 
unde^rflanding appears to ripen in the moit 
•rapid manner. You are aUe to fay every 
year, every month, and almoft evory day, 
what particular advances you have made, 
and how much ypu know more'thanyoudid 
before. And being taught, and accuftomed, 
to exprcfs your thoughts in writing, you find 
yourfelves qualified to do this in a manner 
of which you had no idea, or expeftation, 
• but a little time ago. You alfo pcrfcftly 
remember what you have fo recently 

learned. 
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lesK-ned, and in many refpefts may be mor6 
particolar and cxa6t than even your tutors 
themfclves. 

The almoft unavoidable tfk&, of this is 
a high idea of your own powers and attain* 
ments, and too often a proportionable con- 
tempt of thofe who, not having had equal 
advantages, cannot do what you are eafily 
capable of* A certain degree of vanity is, 
therefore, excufable in young perfons; and, 
indeed, it is by means of it that they are 
txcited to exert themfelves in a manner 
that they would not otherwife have done* 
But be careful that this temper be not in- 
dulged to excefs, for it will then be found 
to have ferious ill coniequences ; the leaft 
of which is the precluding future im- 
provement, from being already fatisfied 
with yourfelves, and confcious of a fulBcir 
ent fuperiority over others. 

The foundation of this felf-conceit, on[ 
account of literary attainments, will be 
found to be extremely weak. Jn fa£t, we 
learn more before the period to which you 
are now arrived^ and I hope you will conti^ 

nue 
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Bue to learn more after it, without its bei 
ing fo much notticed ; and jthc ability that 
is difcovered in the acquirements which 
are the fubjedts of this, vanity is not greater 
than appears on other occafioris. Only they 
are nof fo confpicuous. : : 

What we all learn in the firft three ye^rs 
of our lives, is much more extraordinary in 
its nature than all that wq acquire after- 
wards. I mean the perfeft ufe of our 
iimbs, and the elements of fpeech. What 
we learn in a month in that early period of 
life,, could not, if we were brought up ia 
the ignorance of it, be learned in a year a{t 
any fuhfequent period. But thefe acquirer 
mcnts being univerfal, and what the cir- 
cumftances in which we are all neceflarily 
in compel us to learn^it does not appear ex- 
traordinary in any particular individual. 
Alio, the proficiency that boys make at a 
grammar fchool, in which, in general r^he 
dead languages only are taught (a knpw* 
ledge of >yhich' is commonly the refult of 
fey6re application) is too coqamon to be the 
caofe of much felf-conceit. But the ad- 
vances that are made at places of liberal 

education 
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education are both lefs common^ and of a^ 
oiore confpicuous nature. 

You will alfo find, if you continue your 
application to'ftudy, that it is only the ele- 
ments of fcience that you can acquire here, 
and that if you live many years, they will 
bear but a fmall proportion to your future 
acquirements. But thofe future acquire- 
ments, in confequence of their bearing a lels 
proportion to your whole ftock of know- 
ledge, will not be fo confpicuous. Thus, 
though all the buildings that in one year 
are added to fuch a city as London would 
make a pretty large country town, they 
bear fo fmall a proportion to what was 
built before, that they are not much no- 
ticed ; whereas, had half the quantity of 
building been erefted in a place where no 
houfe had exifted .before, it would have 
been a memorable event in the hiftory of 
the country. 

Alfo, as in old cities many buildings 
will fall to decay, while new ones are 
added ; you muft expedt to forget much 
of what you now know. No man can 
gjve equal attention tq every objedt j and 

as 
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as we advance in life^ we, in general, only 
learn new things at the expence of the old 
ones. But then they are the more valu- 
able articles of knowledge, the more ge- 
neral and leading principles, which remain 
with us; while the more ufde& ones, 
things to which we give leis attention 
becauie we find them to be of lefs ufe, 
diiappean Yet it is no uncommon thing 
lor ingenious ftudents to defpife old fcho- 
lars who are not fo ready in the minutiae of 
literature, though they may have forgotten 
more than thofe youths ever knew, and may 
retain what they cannot acquire without 
forgetting as much. 

Another obfervation proper to leiTen the 
conceit of literary men, is, that genius , is 
not confined to tbeniy but is equally great, 
though not equally cdnfpicuous, in every 
other line of life, and efpecially in manu- 
fadures and the arts* Here, however, 
difcoveries equal, with relpeft to fagacityy 
to thofe of Newton, contribute little to 
pofthumous fame, becaufe the difcoverers 
are not writers. 

But the greateft branch of intellectual 

excel- 
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eKCelience, with refpefl: to which every 
other is nothing, and which, from its na- 
ture, can never be foundation of any fclf- 
conceit, is virtue^ or right difpofitions of 
wmdj leading to right condu£): iii VSc. 
Proper fentiments, and juft afFe<9:ions rf 
mind, arife from juft, and often compre<* 
bcnfivCt views of things, paft, prefent« and 
to come. And if the real greatnef^ of any 
thought, or a^on, be eftimated by the 
number of elements that conftitute it, and 
its remotenefs from the diiStates of fenfe and 
natural appetite, a virtuous and pious man 
will appear to be a much more dignified 
chajader, more proper to be viewed with 
admiration and efteem, than the greateft 
fcholar ; difcovering, in faft, greater com- 
prehenfion and force of mind. I mean, 
however, that virtue which is the refult of 
reflexion, of difcipline^ and much volun- 
tary exertion, which, though operating 
with equal promptnefs and facility, is as 
much fuperior to tnerp innocence^ and what 
is commonly called good nature^ as motion^ 
fecondarily automative are to thofe that are 
primarily fo; a comparifon which you who 
7 have 
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have ftudied Hartley* s Theory of the Mind 
will fee the force of. 

Thefe confiderations I take the liberty to 
luggeft, as being proper to leflen that va- 
nity which is fo incident to thofe who dif- 
tinguifh themfelves in the fields of litera- 
ture, and which, operating like the acqui- 
f!tion of riches, or power, or any pofieflion 
that is rare among men, inftead of enlarg- 
ing, may tend to contraft the mind, by con- 
fining its attention to Itfelf. Beginning 
with a generous emulation, it proceeds to 
envy and jealouly, and ends in aftual hatred 
and malignity, againfl which you cannot, 
furely, be too ftrongly put upon your 
guard ; this being the greatefl depravity 
to which human nature is fubjefl:, and 
which yet, like any other vice, may be in 
full poffeffion of the mind, without the 
perfbn himfelf knowing, or fufpefting it ; 
unlefs he give more attention to his feel- 
ings than mofl perfons do. If no man 
ever thought himfelf to be avaricious, or 
cruel, can it be expeded that any perfon 
ihould ever difcover that he is too felf- 
conceited? 

Better 
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Setter^ however, infinitely better, were 
it to rank with the mereft dunces, than 
have the conceit and malignity (produced 
originally from conceit) of fome who have 
diftinguifhed themfelves the moft as lin* 
guifts, critics, and poets. Even the ftudy 
of nature^ though, from its vaft extent, it 
is lefs apt to produce this baneful cfFeft, is 
not always a fufficient guard againft it, 
This is an affeding and an alarming con- 
lideratjon. But in the intellectual, as in 
the civil and commercial world, we gain 
nothing but at the rilk of fome lofs ; and 
in this cafe the poffible gain is worth the 
riik of even this great lofs* 

For when literaiy and fcientific excel- 
lence coincide with that which is of a mo- 
ral nature, it adds unfpeakably to the value 
of a charadter. Ingenuity coupled with 
modefty, and great genius wjth benevo- 
lence and true piety, conftitute the perfec- 
tion of human charadler, and is what we 
ihould ever have in view. Ar^d a courfe of 
education in which both thefe objedts are 
equally attended to, is the only onp that de- 
fa ferves 
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ferves fo be called liberal: but fuch as, I 

hope, you have found this to be. 

/ Give me leave further to obferve to you, 

that the tiriie that you fpend in a place of 

liberal education is of more importance to 

you than you can be at prefent aware of. 

Whatever be the fphere of life for which 

you /are deftined, the probability is, that 

you will hereafter have but little leifure for 

reading and ftudying, compared to what 

you have now. Belides, general maxims 

of all kinds, fuch as are the foundation of 

all our future condnft, in morals, religion, 

or politics, are generally formed at your 

time of life. From this period expeft no 

great change in your opinions, or con- 

duA ; becaufe now it is that you give 

particular attention to the forming your 

opinions on all fubje£ts of importance; 

fo that very little that is materially new 

to you can be expected to occur to you in 

future life, and almoft every thing that 

you would choofe to read will only tend 

to confirm you in the general principles 

that you will now adopt. There are, 

nq 
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ho ^oubt, exceptions to this, as well as 
ev^ry other general obferVatien j but it is 
wifdom to f^ppofp, and to ad: upon th^ 
fyppofition^ that >ve are conftituted 9s thp 
generality pf nqankifid are^ and that we 
Ihali feel, and ad, as they do. Since, 
then, fo much depends on the leading 
principles and maxinis which you will 
now adopt, be it your care to form juft 
and good ones, apd let no authority of 
tutprSj or ojthers, have any undue influ- 
ence oyer you. In all cafes think ^nd 
judge for yourfelves^ and efpecially on all 
iubje£ts of importance, and with as much 
attention as you can give to them. 

It may pot be amifs, in the prefent ftate 
of things, to fay fomething refpefting ano- 
ther fubje^, which now conimands univer- 
fal attention. You cannot but be apprijfqd, 
tljat many perfons entertain a prejudice 
agalinft this College, on account of the 
tepvblican, and, as they choofe to call 
them, the licentious, principles of govern- 
ment, which are fijppofed to be taught 
here. $how, then, by your general con- 
yerfation, and condud, that you are the 

b z frieods 
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friends of peace ari^ good order ; and thdf ^ , 
whatever may be your opinions with tt^ 
{pc6t to the beft forna of government fot 
people who have no previous prejudices or 
habits, you will do every thing in your 
power for the prefcrvation of that form of 
it which the generality of your country- 
men approve, ind under which you live, 
\l^hich is all that can be reafonably expefted 
of any fubjeft. As it is not neceffary that 
every good fon (hould think his parent the 
wifeft and beft man in the world, but it is 
thought fufficient if the fon pay due refpeft 
ahd obedience to his parent; fo neither is 
it to be expe^ed that every riian IhoUld be 
of opinion that the form of govenment un- 
der which he happens to be born is the beft 
of all poflible forms of government. - It is 
enough that he fubmit to it, and that he 
make no attempt to bring about ahy 
change, except by fair reafoning, and en- 
deavouring to convince his countrymen, 
that it is in their power to better their 
condition in that refpedt, as well as in 
any other. Think, therefore, fpeak, and 
write, with the greateft freedom on the 

fubjeiSk 
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fubjeiSt of government, particular or ge- 
neral, as well as on any other that may 
qome before you. It can only be avowed 
tyranny that would prevent this. But at 
the fame time fubmit yourfelves, and pro- 
mote fubmiffion in others, to that form 
of government which you find to be moft 
approved, in this country, which at pre- 
Icnt unqueflionably is that by King^ Lords^ 
and Commons • 

As to religion ^ we may, furely, be al- 
lowed to think and aft entirely for our- 
felves ; in all cafes obeying God and con- 
fcience rather than man.. But let us be 
thankful for the degree of liberty that we 
are allowed, though it be not dll that wc 
are juftly entitled to; and let us not uie 
any other means than reafon and argu- 
ment iia order to better our condition. By 
this peaceable and fteady condu£t we fhall 
at length convince thofe who will hear 
reafon, that we are entitled to greater con- 
fideration ; and doubt not but whatever is 
true and rights will finally prevail, and be 
univerfally eftablifhed. 

That any of your tutors, or any of the 
b 3 friends 
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friends of this inftitution, wifh tapromotc re-* 
formation, in church or ftate^ by any other 
means than thpfe of reafoh, and argumefft,^ 
is a calumny^ utterly void of foundation, or 
probability. But your conduct, difperfed 
as you will fofon be in different parts of 
the country, will be the beft paeans of re- 
ifuting it. Let us leave the method of 
proceeding hy riot and tumult to thofe per- 
fons Xo whofe fphemes fuch proceedings; 
are congenial. Truth ftands in no need 
of fuch fupport, and will always triumph 
when affsiiled by fuch weapons. In re- 
turn, then,, for the advantages which you 
have enjoyed in this inftitution, do it thi§ 
lervice ; and in recdmmendiritg it, I truft 
you are doing fubttaritial fervice to the 
caufe of liberty and truth ; and conferring 
a moft iml>ortant benefit on yoyr country, 
^nd on rnankin(]. 
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EXPERIMENTAL PHILOSOPHY. 



LECTURE 1. 

^he Introdudlion. 

The objeft of experimental philofophy is 
the knowledge of nature iii general, or 
more ftriftly, that of the properties of na- 
tural fubftances^ and of the changes of 
tbofe properties in different ci^umftances. 
This knowledge fcan only be attained by 
experiment^ or obfervation ; as that clay 
is capable of becortiing hard by means of 
'fire, and thereby beiiig made, into brick$> 
pnd that by the {isx^t means limeftoue can 
^?e converted into quick-lime, aiid by thfc 
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addition of water and fand, make mortaf.» 
It ,is by obfervation alfo that we difcover 
that ftones and other heavy bodies fall to 
the ground, and lh?kt a magnet will attraft 
iron. In other wordSj experimental philo- 
fophy is an inveftigation of the wifdom of 
God in the works and the laws of nature, 
io that it is one of th€ greateft objefts to 
the mind of man, and opens a field of in- 
quiry which has no bounds J every advance 
we make fuggefting new doubts and fub- 
jcds of farther inquiry. 

The uniformity we <fifcover Jn the pro- 
perties of natural fubftances enables us to 
lay down general rutes^or principles, which, 
being invariable, we call the laws ef nature ; 
an4 by ^w knowledge of thefe laws we are 
able to predift, and at our own plcafore to 
jprodoce^ jparbcular refuks, and this is the 
fourcc of all the powers of man. It is the 
divci&ion we acquire of the powers of na* 
tore ; io that, as Lord Bacon obferyed, 
iknowleJge is power. 

All arts and manufa5:urcs are derived 
fromfcience. Th\i%^tdic^vmtdifne<:hanks 
is an application of the law of gravitation* 
JEvcry thing w« arc capaUe of doing by 

meana 
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toeansT pf the ftcam-engine is cjcrived f^om 
Dur ^^nowkdge of the properties of water in 
iflea^ia y axid all the grea^ effe£b pf gunpow- 
der >(ve owe tQ opr kilQ^y ledge of the compo- 
lition* Utid chenaical properties, of that fub- 
ftanee. 

Every new appearance in nature is pre- 
ceded by ioipnte new circumftancp, and to 
thisj or rather to foroething always attend- 
ing it, we fay that the appearance is qwmgp 
This circumftance we therefore call the 
tatf/e^ and the new appearance the effect of 
that caufe. Thus we fay that the union of 
phlogifton to a particular kind of earth is 
the caufe of ijts becoming a metal. 

Jt is one of the principal rules of philofo- 
phizing to admit no more caufes than arc 
tteceffary to account for the efFefts. Thus, 
if the power of gravity^ by which heavy 
bodies fall to the earth, be fufficient to re- 
tain the planets in their orbits, we are au- 
thprized to rejedt ^the Cartcjian Fortica^ 
In other words, we muft make no inore 
general propofitions than are neceflary to 
comprehend all the particulars contained in 
thena. Thus> after having obfcrved that 
B 2 iron 
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frbri corififts of a particular kind of earth 
iinitecl to phlogifton, and that it is foluble 
in acids; ahd that the fame is true of all 
other metallic fubftances, we fay, univer- 
fally, that all metals confift of a peculiar 
earth and phlogifton, and that they are all 
foluble in fo me acid. 

* OF the circumftances Which occafion a 
change in the properties of bodies, fome are 
the addition of what are properly called ^S^^- 
flanUs^ or things that are the objefts of our 
fenfes^ being vijible^ tangible^ or having 
weighty &c. Thus the addition of an acid 
changes an alkali into a neutral fait. But 
other changes are occafioned either by a 
change of texture in the fubftance itfelf, or 
the addition of fomething that is not the ob- 
jedt of any of our fenfes. Thus, a piece of 
fteel becomes a magnet by the touch of ano- 
ther magnet, and a drop of glais acquires the 
property of flying afunder by a fmall frac- 
ture, in confequence of falling when red 
hot into cold water. Such alfo, in the opi- 
nion of fome, is the difference between hot 
and cold fubftances. 

. Till the nature of the caufc be afcer- 

tained, 
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tainedy it is convenient to make ufe of the 
term, principle ^ as including both of the 
above-mentioned caufes of the change of 
properties in bodies. Thus, whatever be- 
the real caufe of gravity, or of inflam- 
piability, we may fpeak of the principle 
of gravity^ or of infiammability \ whether, 
with Newton, we fuppofe gravity to be 
Qccafioned by a fluid pervading the whole 
viniverle, which he termed a:ther^ and 
whether inflammability be caufed by the 
prefence of a real fubftance called phlo- 
gifton, or not. In this manner we ufq 
the letters x and y to denote unknown 
quantities in algebra. 

When changes are made in fubftances 
by the addition of other fubftances, they 
make what is called a chemifal union ; and 
in this cafe thp properties of the com- 
pound cannot with any certainty be dcr 
duced from thofe of the comppnent parts, 
' but muft be afcertained by frelh expe? 
riments. Thus, from the fpecific gravis 
ties, or the degrees of fufibility, of two 
metals, thofe of the compound cannot be 
predifted. Neither water nor aqid of vi- 
: B 3 ,' trioj 
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triol will feparately diflblve iron, fo as to 
produce inflammable air, but both toge- 
ther will do it. However, the proper- 
ties of fimilar compounds are fimilar to 
one another. Thus, all metals diffolved 
in-^ acids are precipitated by mild alkalis, 
This cheniical union of two fubftances wc 
afcribe to a certain ele&ive attra&ion^ or 
affinity that fubfifts between them, in con- 
fequence of which they unite with one 
another whenever a proper opportunity of- 
fers, in preference to thofe fubftances tq 
which they were before united. Thus the 
vitriolic acid, having a ftror^ger affinity with 
the vegetable alkali which is the bafis of ni- 
tre, will unite with that alkali, and with 
it form another compound, called vitri- 
olated tartar, while the acid of nitre, be- 
ing detached from its bafe, i? collcded 
feparately. 

When two fubftances compofe one li- 
quid, and a third, which has a ftronger afr 
finity with either of the two parts than they 
have with each other,, is added to them, 
it will unite with that part, aAd take its 
place in the folution, while the other will 

in 
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in many cafes be precipitated, and may be 
colle<3:cd. Thus the ejarth of Hum is pre* 
cipitated from a folution of alum by fait 
of tartar. This is the cafe oijimple affinity. 

When both the fubftances ai^ com*- 
pounds, the component parts of which 
have a weaker affinity with each other 
than they h^ve with thofe of the other 
compound, two new combinations arc 
formed, and this is caU^ a cafe^ of i&i^^ 
ble affinity. Thus when phlogiftieated aU 
kali is poured into a folution of green vi- 
triol, the acid of the vitriol unites witH 
the alkali, while the phlogiftcn joining the 
calx of iron makes Pruffiau blue. 

All nature lying open to our inveftiga?: 
tion, we rauft confider the different parts 
^n fome order. But it is pot very ma^ 
terial which we adopt, becaufe, begin where 
we will, the properties of the fubftances 
we firft treat of will be contie£ted with 
thofe which muft be particularly confi- 
dered afterwards, the changes in one fub- 
ftance being occafioned by its union with 
another. It will be impoffible, for exam- 
ple, to explain the properties of 'metals 
B 4 without 
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without coiifidering the acidsy becaufe by 
their union with acids very important 
changes are made in their properties. 

There have been three principal mer 
thods of arranging natural fubftances. One 
is according to the three kingdoms^ as they 
are called, into which they have been 
diftributed, viz. the mineral^ the vegetable^ 
and the animal. Another is according to 
the elements which enter into their com- 
pofition, and a third according to the Jorfr^ 
in which they are ufually found, viz. aerial^ 
Jluidj or folid. Upon the vvhole this laft 
appears to me to be the moft convenient, 
efpccially as it is eafy to intermix gener 
ral obfervations concerning the other di- 
vifions when they are particularly wanted. 
As there will be frequent occafion to fpeak 
of the component and elementary parts 
of all fubftances, I fliall here obferve, that, 
according to the lateft obfervations, the 
following appear to be the elements which 
compofe all natural fubftances, viz. dephlo- 
gijlicated air^ or the acidifying principle i 
fhlogijlon^ or the alkaline principle ; the dif- 
ferent ^^r/y^/^-and the principles oiheat^ light j 

an4 
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and ele&riciiy. Betides thefe, there are the 
jEbllowing principles which have not been 
proved to be fubftances, viz^ attradimn rc^ 
pulfion^ and magnetiftn. By the help of thcfi^ 
principles we are able, according to the 
prefent.ftate of natural knowledge,, to ex- 
plain all the appearances that have yet oc- 
curred to U3. 



LECTURE II. 

* Of the Properties of all Matter. 

Before I confider the properties of par- 
ticular fubftances, it will be proper to men- 
tion thofe which are common to them all. 
But I (hall firft obferve, that the term fub- 
Jian(:e has no proper idea annexed to it, 
but is merely a convenience in fpeech; 
^nce we cannot fpeak of the properties 
pf fubftances, fuch as hard^ rounds coloured^ 

&c. 
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Bcc. ice. (which circumflances alone zffc(k 
our fenfesy and thereby give proper ideas) 
without faying that they inhere in, or be- 
long to, fome thingy fub fiance^ or fubfira* 
turn. The terms being and per J on arc alfo 
in the fame predicament. 

One property of all fubftances is extent 
Jiony fince they all occupy fome portion 
of fpace. 

The incapacity of any fubftance to 
change its place has been termed, though 
improperly, the vis inerti(X of matter. It 
is fufficient to fay, that neither this, nor 
any other cfFeft ca^ be produced with- 
out a caufet 

Infinite c^ijibility is a neceflary pro- 
perty of all extended fubftance ; and from 
this circumftance it will follow, that the 
ftnalleft quantity of folid matter md.j be 
made to fill the largefl; fpace, and yet 
none of the pores ihaU exceed the fmalleft 
given magnitude ; and cor^fequeaitly, that, 
for any thing we know to the contrary^ 
all the bodies in the univerfe may be com- 
prized in the fmalleft fpace. 

Another property ufually afcribed to all 

matter 
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|!natter is impenitr ability^ or the ncccfiary 

exclufion of any fubflance from the place 

pccutried by another. But the only proof 

pf impenetrability is the r^Jlance that wc 

^nd to our endeavoyrs to put pne fubflance 

into the place qf apother ; ai)d it is demon* 

ftrated by experiments, that this refiffanc« 

is not pccafioned by the aftual qontaiQ: of 

|:he fubjftances, but by % power of repuifioii 

afting at a real diftance from their furfaces* 

It requires a confiderable force to bring two 

folid fqbftances into as near contact as tho 

particles of the fame fubftance ; and that 

fhefi are not iK aftual contaft '» evident,- 

from Itheir being capable of being brought 

nearer by cold ; and this is moft remarkable 

with refpedl to the heavieft, that is, the 

flenfeft, of all fubftances, viz, the metals. 

A more pofitive argument for the pene- 
trability of matter is, that the particles of 
light, after entering the denfeft tranfparent 
fubftance, do not appear to meet with any 
pbftruflioiiL to their progrefs till they come 
to the oppofite fide. 

The powers of attraSiion and repuljion 
feem to be common to all matter, and the 

compo- 
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component parts of allTubftaaces are kept 
in their places by the due balance ^of thofe 
oppofite powers. If, by. any means, the 
particles of any fubftance be removed be- 
yood their fphere of mutual attradion, 
they repel one another, as thofe of water 
when it becomes fteam. 

Of the different kinds of attraftion, that 
of ^r^v//^//c>« feems .^o extend to the greateft 
poffible diftance ; but that which keeps to- 
gether the parts of the fame fubftance, 
thence called the attraSikn of cohejion^ and 
the different kinds of chemical attradions, 
called canities J only adl at a fmall diftance. 
Of the caufes of thcfe attractions we are en- 
tirely ignorant. 



Of 
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Of Aeriform Suhfimces. 



Aeriform fobftances, of which the ak 
thatVe breathe is one, though invifible, are 
realfubftanctes, as appears bjH their exclud- 
ing otheir fubftances. 

That the air has weight appears by aftu-^ 
ally weighing a veffel before and after k is 
exhaufted cif air. by means of an air-pump 
(an inftrument contrived for that purpofe) 
by its burfling a bladder, and various other 
experiments. 

Air, being a fluid, preffes in all diretStions^ 
as in the experiment of the fountain in va^ 
cuo, and others. 

The weight of the air is the caiife of the 
fufpenfion of. mercury in a barometer, and 
of the adion of pumps. The weight of at- 
mofpherical air is to that of water in the 
proportion of about i to 800, fo as to prefs 

with 
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with the weight of about fourteen pounds 
on every fquare inch of furface. 

Air, being an elaftic fluid, is capable of 
occupying more or lefs fpace according to 
the preflure which it fuftains, as appears by 
a bladder partially filled with air being ex-* 
paad^^ when the air is drawo from a re- 
ceiv.ei* in which it is put, by niieans of the 
air-purpp, and coropreffed in the condenf* 
ing engine, an inftrument the reverfe of the 
air-pump. 

Air is nccefl&ry to the conveyance of 
found, to the exiftence of flame, and to 
animal life* 



LECTURE 
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LECTURE Iff. 

Of Atnififphtrkal Air. 

The firft fpecies pf air that offers itfelf to 
our confideration is that of the atrnpfpherc, 
which appears to confift of a mixture of two 
kinds of air, of different and oppofite quali- 
ties, viz, dephlogifticated and phlogiiUcated, 
in the proportion of about one third of th« 
fprmer to two thirds of the latter. It is by 
means of the former of thefe two ingredi- 
ents that it is capable of ilipporting flaiQC 
and animal life« 

This compofition of atmofpherical air is 
proved by feveral fubftances abforhing th« 
dephlogiflicated air, and leaving the phlo- 
gifticated. All thefe proceflcs have bepa 
termed phlogiftic^ becaufe the effed is nol; 
produced but by fubflances fuppofed to con* 
tain phlogifton in a volatile f^ate ; and by 
the affinity between phlogifton and the 
3 dephlo- 



dephlogifticated part of the air, the one is 
feparated from the other. Of thefe pro- 
ceffes are the Calcination of metals, a mix- 
ture of iron-filings and fulphur^, liver of ful- 
phur, the burning of phofphorus, and the 
effluvia of flowers. . . 

In fome cafes, however, it is not fo clear 
that any thing is emitted from the fubftance 
that produces this efFe<St ; for water deprived 
of all air will abforb the: dephlogifticated 
part of the atmofpherical ia preference to 
the phlogifticated part. 

As the purity of atmofpherical air, or its 
fitnefs for refpiration, depends upon the 
proportion of the dephlogifticated air that it 
contains, any of the above-mentioned pro- 
cefles will fuffice to determine it. The 
more any given quantity of air is dimi- 
niflied by any of them, the purer it was 
before the diminution. But this efFe£l is 
produced the moft quickly by a mixture of 
nitrous air, or firing inflammable air in it, 
'l>eing almoft inftantaneous. 

In order to meafure the purity of air, it 
is convenient to take more of the nitrous or 

inflam- 
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Inflammable air than is neceflary to faturate 
the dephlogifticated air it contains. Equal 
quantities of each beft anfwqf the purpofe. 
Suppofing a given quantity of atmofpherical 
air to be mixed with an equal quantity of 
nitrous air, and the refiduum to be i.i mea- 
fure, the proportion of dephlogifticated and 
phlogifticated air in it may be found by the 
following arithmetical operation, it being 
here taken for granted that one meafure of 
pure dephlogifticated air will faturate two 
meafures of pure nitrous air. 

2. o viz. one of each. 

I. I the refiduum. 



3)0. 9 the quantity that has difappeared* 
o. 3 the dephlogifticated air contained 
in the meafure of the air exa- 
mined. 
And this fubftraded from i. leaves .7 for the 
proportion of phlogifticated air in it. 



LECTURE 



iB Leilures oft 



LECTURE IV- 

Of Dephlogtfiicatcd Air. 

I/S?Hi^OG5S'5iGAT}Ei5>: ^irjj which IS Qi^ of 
the; co^pQpeot parts of atmofph<jrical air, 
is a principal elelB^at m; the cotppofition of 
acids, and may. be eX(traS:e4 by m.eans of 
heat from many fubftftnccs which pontain 
them, efpecially the nitrous and vitriolic ; 
as from hifercj red precipitat^p, tjie yitriols, 
and; turbith mineral, and ^lfp< fronr^ thefe 
two apids themfelves, expofed to a red heat 
in an earthen tube. This kind of air is 
alfo contained in feyeral fubftances which 
had attraiSted it from the atmofphere, as 
from precipitate per fe^ "minium^ & man- 
ganefe. 

Dephlogifticated air is likewife produced 
by the attion of light upon green vege- 
tables ; and this feems to be the chief means 
^ employedi 
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fempioyed by nature to prefcrve the purity 
of the atmofphere. 

It is this ingredient in atmofphefic air that 
enables it to fupport combuftion and apimal 
life. By means of it the moft intenfe heat 
inay be produced^ and iii the pureft of it 
animals will live riea;-ly five times as long 
as in an equal quantity of atmofpherical 
ain 

In fefpiration, part of this aif ^ pafling 
the membrane of the lungs, unites witli 
the bl6od) and imparts to it its florid co- 
lour, while the remainder, uniting with 
phlogifton exhaled from the venous blood, 
forms fixed air. It is dephlogifticated air 
Combined with water that enables fifhes to 
live in it. 

Dephlogifticated air is fomething heavier 
than atmofpherical air, and the purity of it 
is meafured by mixing with it two equal 
quantities of nitrous or inflammable air, 
.deducting the refiduum after the diminu- 
tion from the three meafures employed, 
and dividing the remainder by 3, as in the 
procefs for common air* 

C % Of 
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OfPhlogiJllcatedAir. 

The other ingredient in the compofi- 
tion of atmofpherical air is phlogifticated 
air. It is procured by extrafting the dephlo- 
gifticated part of the connmon air, as by 
the calcination of metals, &c. &c. by dif- 
Iblving animal fubftances in nitrous acid, 
and alio by the union of phlogifton with 
nitrous air, as by heating iron in it, and 
by a^ mixture of iron-filings and fulphur. 

Phlogifticated air extinguifhes a candle, 
is entirely unfit for refpiration, and is fome- 
thing lighter than common air. It is not 
capable of decompofition, except by ex- 
ploding it together with a fuperabundance 
of dephlogifticated air, and a quantity of 
inflammable air, or by taking the eleftric 
Ipark repeatedly in a mixture of it and de- 
phlogifticated air. In thefe cafes nitrous 
acid is formed. 
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LECTURE V- 

Of Inflammable Air. 

Inflammable air is procured from all 
combuftible fubftances by means of heat 
and water, and from feveral of the metals, 
efpecially iron, zink, ^nd tin, by the vi- 
triolic and marine acids* 

From oils and fpirit of wine it is pro- 
cured by the electric fpark. By the fame 
means alfo alkaline air is converted into it. 

That which is procured from metals, 
efpecially by fteam, is the pureft and the 
lighteft, about ten times lighter than com- 
mon air; in confequence of which, if a 
fuffigient quantity be confined in a light 
covering, it is poflible to make it carry up 
heavy weights. 

When it is procured from animal or 

vegetable fubftances, it is of a heavier 

C 3 kind. 
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kind, and burns with a lambent flame, of 
various colours, according to the circum- 
ftances. 

Calces of metals heated in inflammable 
air are revived, and the air abforbed ; and 
iince all the metals are revived in the fame 
inflammable air, the principle of metalliza- 
tion, or phkgijlon^ appears to be the fame if^ 
them all. 

Pure inflammable air feems to confijfl of 
phlogifton and water, and the lambent kinds 
to be the fame thing, with the addition of 
fpixje pil^ vapour 4iffufc4 through itt 



LECTURE 
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L E C T UR E VL , 

r - ' ■ 

OfNiirmiJin : 

Nitrous air is procurecl by ^iflblving nioft 
of the metals, efpccially iron, merpury^ and 
Copper^ in the nitrous acid ; bat that from 
mercury feems to Jbe the pureft. .Nitrous 
air produ(jcd from copper contains a ipix- 
ture of phlogifticated air. Some nitrous 
air is alfo obtained from the (blution, of all 
vegetable fubftances in nitrous acid ; whereas 
animal fubftances in the fame procefs yield 
chiefly phlogifticated air : but in both thefe 
caies there is a mixture of £xed air. 

This fpecies of air is like wife produced 
by impregnating water with nitrous vapour. 
This procefs continues to have this effbiSt 
after the water becomes blue, but ceafes 
when it turns green ; there not then, pro- 
bably, being a fufficient proportion of wa- 
C 4 ten 
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ter. Nitrous air is likewife produced by 
volatile alkali paffing over red hot manga- 
nefe, or green vitriol, when they are yield- 
ing dephlogifticated air. This (hews that 
dephlogifticated ain is-one ingredient in the 
compofition of nitrous air, and the famo 
thing appears |py pyrophorus burning in it. 
On the contrary, when nitrous air is made 
tp. pafs over red-hpt iron, volatile alkali is 
produced. 

Nitrous air is completely decompofed by 
a mixture of about half its bulk of dephlogif- 
ticated air,, and the produce is nitrous acid* 
And as nitrous acid is likewife formed by 
the union of inflammable and dephlogif- 
ticated air, one' principal ingredient in ni- 
trous air muft be common to it and inflam- 
mable air, or phlogifton. This air is like-p 
wife decornpofed by dephlogifticated nitrous 
^cid,. which by this means becomes phlo- 
gifticated. It is alfo decompofed by a folu- 
tion of green vitriol, which by this means 
becomes black, and when expofed to the 
air, or heated, emits nitrous air, and reco- 
vers its former colour. Thefe decompofi- 
tions of nitrous air fecm to be efFefted by 

depriving 
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cfepriv^ing it of phlogifton, and thereby re- 
Aicing it to the phlogifticated air originally 
contained in it. 

This kind of air is difniniflied to about 
one fourth of its bulk by a mixture of iron 
filings and brimftone, or by heating iron in 
it, or calcining other metals in it, when the 
remainder is phlogifticated air. All that 
iron gets in this procefs is an addition of 
weight, which appears to be water, but it 
lofes its phlogifton, fo that nitrous air 
leems to contain more phlogifton, and lefs 
water than phlogifticated air. 

Nitrous air and dephlogifticated air will 
a£t upon one another through a bladder, 
but in this cafe there remains about one- 
fourth of the bulk of nitrous air, and that 
is phlogifticated air ; fo that in this cafe 
there feems to be a converfion of nitrous 
air into phlogifticated air without any ad^ 
dition of phlogifton. 

Nitrous air i^ dccompofed by pyrophorus, 
and by agitation in olive oil, which becomes 
coagulated by the procefs. It is alfb ab- 
forbed by fpirit of turpentine, by ether, by 
ipirit of wine, and alkaline liquors. 

It 



It IS imbibed by charcoal, atid both that, 
air which is afterwards expelled from it by 
heat, and that which remains unabforbed, is 
phlogifticated air. 

Nitrous air refifts putrefaftion, but is di- 
miniflied by the animal fubftances expofed 
to it to about a fourth of its bulk, and be--- 
comes phlogifticated air. It is likewife fatal 
to plants, and particularly to infefls. 
' When nitrous air is long expofed to iron, 
it is diminifhed and brought into a ftate in 
which a candle will burn in it, though no 
animal can breathe it* But this peculiar 
modification of nitrous air, called dephlo^ 
gijtimted nitrous air^ is produced with the 
greateft certainty by diffolving iron in fpirit 
of nitre faturated with copper, impregnating 
water with this jiir, and then expelling it 
from the water by heat. If bits of earthen 
ware be heated in this dephlogifticated 
nitrous air, a great proportion of it becorties 
permanent air, not mifcible with water, 
and nearly as pure as common air, fo that 
the principle of heat feenas to be wanting 
to conftitute it permanent ain 

LECTURE 



Expermentai PEilofophy. iy 




LECTURE VII. 

Of Fixed Air, 

xi AviNo confidcred the properties of tboft 
kinds of air winch are not readily abforbcd 
hy water, and tlierefore may be confiaed 
by it, I proceed to thofe which ar^ ^b- 
Jfgrbed by it, and which require to be 
confined by mercury. There are two 
Icinds, however, in a middle flate between 
theie, being abforbcd by water,, but not 
very readily; a confiderable time, ox agita- 
tion, being neccffary for that purpofe. Th« 
>irfl: of thefe injixed air. 

This kind of air is obtained in the pureft 
Aate by diflblving marble, lime-ftone, an4 
other kinds of mild cafcareous earth in any 
acid. It is alfo obtaiifcd by the burning, or 
the putrefaftion, of both animal and veget- 
able fubilances, but with a mixture of both 
phlogilVicated and inflammable air. Fixed 
^ air 
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air is alfo produced by heating together iron 
filings and red precipitate ;. the former of 
which would alone yield inflammable air, 
and the latter dephlogifticated. Fixed air 
is therefore a combination of thefe two 
kinds of air. 

Another hd which proves the fame 
thing is, that if charcoal of copper be heat- 
ed in dephlogifticated air, almoft the whole 
of it will be converted into fixed air. On 
the fame principle fixed air is produced 
when iron, and other inflammable fub- 
ftances, are burned in dephlogifticated air, 
and alfo when minium, and other fub- 
ftances containing dephlogifticated air, arc 
heated in inflammable air. 

That water is an eflential part of fixed 
air is proved by an experiment upon terra 
ponderofa aerata^ which yields fixed air 
when it is diflblved in an acid, but not by 
mere heat. If fteam, however, be admit- 
ted to it in that ftate, it will yield as much 
fixed air as when it is diflblved in an acid. 

Water abforbs fomething more than its 
own bulk of fixed air, and then becomes a 
proper acid. Iron diflblved in this water 

makes 
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makes it a proper chalybeate ; as without 
iron it is of the fame nature with Pyrmont 
or Seltzer water, which by this means may 
be made artificially. 

Ice will not imbibe this air, and there* 
fore freezing expels it from water. 

Fixed air extinguifties flame, and is fatal 
to animals breathing in it. Alfo water im- 
pregnated with this air is fatal tp fiflies, and 
highly injurious to plants. But water thus 
impregnated will prevent, in a great mea- 
fure, the putrefadion of animal fub- 
ftances. 

Fixed air thrown into the inteftines, by 
way of glyfter, has been found to give re- 
lief in fomc cafes of putrid difeafe. 



Of Hepatic Air. 

Another fpecies of air abforbed by 
water, but not inftantly, is termed hepatic 
air^ being produced by the folution of liver 
of fulphur, or of fulphurated iron, in vitri- 
olic or marine acid. 

Water 
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Water imbibes about twice its bulk o{ 
this kind of air, and it is then the fame 
thing with the fulphureous waters of Har* 



rowgate. 



OfPhofphoric Air. 

Phosphoric air is produced by the folu- 
tion of phofphorus in cauftic fixed alkdi- 
If this air be confined by mercury, it will 
take fire on being admitted to atmofpheric, 
and much more to dephlogiflicated air. 
After agitation in water it lofes this proper- 
ty, and the refiduum is merely inflammable 
air, with no great diminution of its bulk. . 
This kind of air, therefore, probably con« 
fifls of phofphorus diflblved in inflammable 
air ; though it cannot be made by melting 
it in inflammable air. 



LECTURE 
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LECTURE VIIL 

Of Bephlogifticated Marine Jlcid Air. 

This fjpecies erf" air is produced by hc&ting 
fpirit of fait with manganefe ; or more 
readily, by pouring acid of vitriol ott a 
mixture of fait and manganeffe, in the pro- 
portion of about 1 6 of the former to 6 of 
the latter. In this cafe the acid of vitriol 
decompofes the fait, and the marine acid, 
-difengaged in the form of air, takes dephlo- 
gifticated air from the manganefe ; fo that 
this fpecies of air feems to confift of marine 
acid vapour, and dephlogifticated air. 

This fpecies of air has a peculiarly pua- 
gent fmell, and is abforbed by water as 
readily as fixed air^ 

The water takes about twice its bulk of 

it ; and thereby acquires a yellowifh tinge. 

Both this air, and the water impregnate4 

with it^ difcharges vegetable colours from 

7 linen 
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linen or cotton, and is thereby ufef*ul ifl 
bleaching. 

This air when cold coagulates into a yel- 
lowifli fubftance. It diffolves mercury, 
and with it forms corrojive fublmate. 



Of Phhgljiicated Marine Acid Air. 

Besides the preceding kinds of air which 
are flowly abforbed by water, there are 
others which are abforbed by it very ra- 
pidly, fo that they cannot be confined but 
by mercury. 

Of this kind is phlogifticated marine acid 
air^ procured by the acid of vitriol and 
common fait ; the former feizing upon the 
alkaline bafis of the latter, and thereby 
expelling the marine acid in the form of 
air. 

It is called phlogifticated to diftinguifli it 
from dephlogifiicated marine acid air ^ which 
feems to be the fame thing, with the ad- 
dition of dephlogifiicated air. 

Phlogifticated 
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Phlogifticated marine acid air is heavier ^ 
than common air. It extinguiflies a candte 
with a blue flame. It diflblves many fub- 
ftances containing rphlogifton, as iron, dry 
flefli, &c. ajnd thereby forms a little in- 
flammable air. Water abfprbs 360 times 
its bulk of this air, and is then the {Irongeft 
fpirit of fait. It abforbs onc-fixth more 
than its bulk of alkaline air, and with it 
forms the common fal jammoniac. Its affi- 
nity to water enables it' to diflblve ice, and 
to deprive borax, nitre, and other faline 
fubftances, of the water that enters into 
their compofition. 



D LECTURE 
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LECTURE IX. 

OfVttriolic Acid Air. 

V iTRioLic acid air is procured by heat- 
ing in hot acid of vitriol almoft any fub- 
ftance containing phlogifton, efpecially the 
metals which are foluble in that acid, as 
copper, mercury, &c. This kind of air is 
heavier than common air, and extinguifhes 
a candle, but w^ithout any particular colour 
of its flame. If will not diflodge the nitrous 
or marine acids fr6m any fubftance contain- 
ing them. 

By its affinity to water it deprives borax 
of it. 

One meafure of this air faturates two of 
alkaline air, and with it forms the vitriolic 
ammoniac. 

Water imbibes between 30 and 40 times 
its bulk of this air, and retains it when 
frozen. Water thus impregnated diflblves 

fome 
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fome metals, and thereby yields inflammable 

If this water be confined in a glafs tube, 
together with common air > and be expofed 
to a long continued heat, it forms real ful- 
phur, the dephlogifticated part of the com- 
mon air being imbibed, and forming real 
vitriolic acid, which uniting with the phlo- 
gifton in the air, forms the fulphur. Alfo 
this air mixed with atmofpheric air will, 
without heat, inibibe fome part of it, and 
thereby become the common acid of vitriol; 
fo that water impregnated with vitriolic acid 
air, commonly called fulphureous^ or phlo^ 
gijiicated add of vitriol^ wants dephlogifti- 
cated air to make it the common acid of 
of vitriol. 

This kind of air is imbibed by oils, 
which thereby change their colour ; whale 
oil becoming red, olive oil of an orange co* 
lour, and fpirit of turpentine of the colour 
of amber. 

If this air be confined in a glafs tube by 

mercury, and the eleftric fpark be taken in 

it, a black tinge will be given to the glafs 

D i contiguous 
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contiguous to the fpark, and this black fub- 
ftancc appears to be mercury fuper-phlogifti- 
cated ; (ince by expofure to air it becomes 
running mercury : fo that the vapour of mer- . 
cury muft be difFufed through every part of 
this air, to the diftance of ac leaft feveral feet 
from the furface of the mercury. 



Of Fluor Acid Air. 

Fluor acid air is procured by diflblvi^ 
the earthy fubftance CdXXtdiJluor in vitriolic 
acid. 

This kind of air cxtinguifhes a candle, 
and, like vitriolic acid air, one meafure of it 
faturates two of alkaline air. It is peculiar 
to this kind of air to diffolve glafs when it 
is hot. 

It feems to confift of a peculiar acid va- 
pour united to the ftony fubftance of the 
fluor ; for water being admitted to it ab- 
forbs the acid vapour, and the ftony fub* 
ftance is depofited. By this means it ex- 
hibits an amufing appearance, whether wa- 
ter 
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t^r be admitted to a glafs jar previpufly filled 
with that air, or the bubbles of air be ad- 
mitted, as they are formed, to a quantity of 
Witter refting on mercury. 



LECTURE X^ 

^OfJlkalm Jir. 



Alkaline air is produced by means of 
heat from cauftic volatile glkali, and alfo 
from a mixture of fal-ammoniac and flaked 
lime, in the proportion of about one- fourth 
of the former to three-fourths of the latter. 
In this cafe the marine acid in the fal-am- 
moniac unites with the calcareous earth, 
and the volatile alkali (probably with thg 
jafliftance of the water) takes the form of 
air. 

This fpecies of air is heavier than inflam- 
mable air, but lighter than any of the acid 
D 3 airs. 
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airs. Like them, however, it diffolves iccj^ 
and deprives alum, and fome other faline 
fubftances, of the water which they con- 
tain. United with fixed air, it makes the 
concrete volatile alkali ; with marine acid 
air, the common fal-ammoniac ; and with 
water, the cauftic volatile alkali. 

The eledric fpark, or a red heat, con-< 
verts alkaline air into three times its bulk 
of inflammable air ; and the calces of metala 
are revived in alkaline, as well as in inflana- 
mable air ; but there remains about one- 
fourth of its bulk of phlogifticated air, 
Thefe fads Ihew that alkaline air confifts 
chiefly of phlogiftoo. 



Mlfcellaneous Obfervations relating to Air. 

The nitrous acid may be exhibited in the 
form of air, as well as the vitriolic, the ma- 
rine, and the fluor acids. But it cannot be 
confined even by mercury, which it in- 
ftantly diflblves. It may, however, in fome 
meafure, be confined in a dry glafs veflel, 

fronx 
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from which it will in a great meafure ex- 
pel the common air. This nitrous acid air 
is that red vapour, which is produced by the 
rapid folution of bifmuth, and fome other 
metals in the nitrous acid. But the vege- 
table acid cannot be exhibited in the form 
of air. It is only capable of being con- 
verted into vapour, like water : and in the 
common temperature of our atmofphere, 
returns to a ftate of fluidity. 

Different kinds of air which have no af- 
finity to each other, when once mixed to- 
gether will not feparate, notwithftanding 
any difference of fpecific gravity. Such is 
the cafe of a mixture of inflammable and 
dephlogifticated air, and even of inflam- 
mable and fixed air. Without this proper- 
ty alfo, the phlogifl:icated air, which con- 
ftitutes the greatefl part of our atmofphere, 
being fpecifically lighter than dephlogifti- 
cated air, of which the other part of it con- 
fifts, would feparate from it, and afcend 
into the higher regions of the atmofphere. 
Inflammable air, however, will not mix 
with acid or alkaline air. 

D 4 Different 
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Di^rent kinds of air are expanded dif-' 
ferently by tbe feme degrees of heat ; de- 
phlogifticated ait the leaft, and alkaline air 
the moft. 

If any fluid, zs water, fpirit of wine, 
dr even nnercury, be heated in a porovis 
earthen veffel, furrounded by any kind 
of air, the vapour of the fluid will pafs 
through the veflel one way, while the air 
paffes the other \ and when the operation 
ceafes, with refpc£t to the one^ it like wife 
ccafes with refpeft to the other. 



LECTURE 
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LECTURE XI, 
Of Liquid Suh fiances ; 

AND FIRST OF 

WA r E R. 

Having confidered all the fubftance$ that 
are ufually found in the form of air^ I conic 
to thofe that are generally in ^ fluid form, 
beginning with waier^ which is the princi* 
pal, if not the only caufe of fluidity to all 
the other fubflances that I (hall place in thi$ 
clafs. 

Pure water is a liquid fubftance, tr^nfpa^ 
rent, without colour, tafte, or fmell ; and with 
different degrees of heat and cold may be made 
to aflume the three forms of a folid, of a fluid, 
and of air. Below 32° of Fahrenheit it is ice, 
and above 2 1 2° it is vapour ; fo that in au 
atmofphere below 32® it never could have 
been known to be any thing elfe than a pe- 
culiar ] 
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culiar kind of ftone, and above 212° a pecu- 
liar fpecies of air. 

In palling from the ftate of a folid to that 
of a liquid, water abforbs a great quantity 
of the principle, or matter, oi heat^ which 
remains in it in a latent ftate ; and in paffing 
from a ftate of fluid to that of vapour, it ab- 
forbs much more ; and this heat is found 
when the proceffes are reverfed. It has 
been obferved^ that when water becomes 
vapour, it takes the form of fmall globules, 
hollow within, fo as to be fpecifically lighter 
than air. 

The degree of heat at which water is 
converted into vapour depends upon the 
preflure of the atmofphere ; io that in va- 
cuo, or on the top of a high mountain, it 
boils with little heat ; and when com- 
prefled, as in Papin's digefter, or in the 
bottom of a deep pit, it requires much heat. 
In the former cafe the reftoring of the pref- 
furc will inftantly put a ftop to the boiling, 
and in the latter cafe the removing of the 
preflure will inftantly convert the heated 
water into vapour. 

The eafe with which water is converted 

into 
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into vapour by heat, has given a great powa: 
to mechanicians, cither by employing the 
natural preflure of the atmofphere, when 
fteam is condenfed under a moveable pif- 
tern, in an iron cy4inder, which was the 
principle of the old fire-engine, or by em- 
ploying theelaftic power of fteam to pro- 
duce the fame efFeft, which is the principle 
of Mr. Watt's fteam engine. 

Water was long thought to be incom- 
preffible by any external force, but Mr. 
Canton has fhewn that even the preflure of 
the atmofphere will condenfe it very fen* 
fibly. 

We do not know any external force 
equal to that by which water is expanded 
when it is converted into ice, or into va- 
pour. For though the particles of water 
approach nearer by cold, yet when it cryf- 
tallizes, the particles arrange themfelvcs iu 
a particular manner, with interftices be* 
tween them ; fo that, on the whole, it 
takes \x^ more room than before. 

Water has an affinity to, and combines 
with, almoft all natural fubftances, aerial^ 
fluid, pr folid; but moft intimately with 

acids^ 
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acids, alkalies, calcareous earth, and that 
calx of iron which is called finery cinder i 
from which the ftrongeft heat will not ex- 
. pel it. 

It has been fuppofed by fome, that, by 
frequent diftillation, and alfo by agitation, 
water may be converted into a kind of 
earth ; but this does not appear to be the 
cafe. It has alfo of late been thought, that 
water is refolvable into dephlogiftieated and 
inflammable air ; but the experiments which 
have been alleged to prove this do not fa- 
tisfy me ; fo that, for any thing that ap^- 
peared till very lately, water might be con- 
fideredas a fimple element. By means of heat, 
however, it feems to be refolvable into fuch 
air as that of which the atmofphere confifts, 
viz. dephlogiftieated and phlogifticated, only 
with a greater proportion of the former. 

Water, with refpc£l to fpecific gravity 
and temperature, has generally been made 
the ftandard to all other fubftances ; its 
freezing and boiling points being the limits 
by means of which thermometers are gra- 
duated. Other fubftances have alfo been 
compared with water, as a ftandard, with 

refpe6t 
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refpc£t to ^ the capacity of receiving heat, 
and retaining it in a latent ftate, as will be 
fliewn When we con'fider the fubje£l of 
heat. 



LECTURE XIL 

Of the Nitrous jicU. 

Under the head o( liquids I (hall confider 
xicids and alkalis^ though fome of them may . 
be exhibited in the form of air, and others 
in a folid form. Thefe two chemical prin- 
ciples are formed to unite with one another, 
and then they conftitute what is called a 
neutral fait. 

Both acids and alkalis are diftinguifliablfe 
by their tafte. Another teft, and tnore ac- 
curate, is, that acids change the blue juices 
of vegetables red, and alkalis turn thefyruj> 
lof violets green# 

Acids 
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Acids are generally diftinguiflied accord* 
ing to the three kingdoms to which they 
belong, viz. mineral^ vegetable^ and animal. 
The mineral acids are three, the nitrous^ the 
vitriolic J and the marine. 

The nitrous acid is formed by the union 
of the pureft inflammable air, or the pureft 
nitrous air, with dephlogifticated air. But 
it is ufually procured from nitre by means 
of the vitriolic acid, which, feizing its bafe, 
expels the nitrous acid in a liquid form. On 
this account this acid is faid to be weaker 
than the vitriolic. 

If the nitrous acid be made to pafs through 
a red-hot earthen tube, it will be decom- 
pofed, and the greateft part of it be con- 
verted into dephlogifticated air. 

Like all other acids, the nitrous acid has 
a ftrong affinity to water; but it is not 
capable of fo much concentration as the vi- 
triolic. It is generally of an orange or yel- 
Jow colour ; but heat will expel this colour 
'in the form of a red vapour, which is the 
fame acid in the form of air, and loaded with 
phlogifton ; and therefore when it is colour- 
lefs it is faid to be dephlogifticated* But 
^ the 
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the colo\rlefs vapour expofed to heat, or to 
light, w\\\ become coloured again ; and the 
liquid acid imbibing this coloured vapour, 
becomes coloured as before. This acid 
tinges the Ikin of a yellow colour, which 
does not difappear till the epidermis be 
changed. 

The nitrous acid unites with phlogifton, 
alkalis, metallic fubftances, and calcareous 
earth. 

By means of its affinity with phlogifton 
it occafions that rapid accenfion called de- 
tonalion^ when any fait containing this acid, 
efpecially nitre, is applied to hot charcoal, 
or when charcoal is put to hot nitre. In 
fa6l, the charcoal burns fo rapidly by means 
of the dephlogifticated air fupplied by the 
nitre. 

A mixture of fulphur affifts the accenfion 
of thefe fubftances, and ma}ces gunpowder, 
in the explofion of which much nitrous or 
phlogifticated air is fuddenly produced, and 
expanded by the heat. The application of 
this force, both to ufeful and deftrudive 
purpofes, is well known. If, inftead of 
nitre, a fait made with dephlogifticated 

' marine 
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mamie acid be made ufe of, the «Kpl0fion h 
ttiore eafily produced, and is much more 
violent. Fridion will do this as well as 
heait. 

Nitre alfo enters into tlie compofition 
<>f puhis fulminansj viz. three parts ni- 
tre, two of dry alkali, and one of fulphur. 
This compofition melts, and yields a blue 
flame, before it explodes. 

By means of the affinity of the nitrous 
acid to cili another fubftance containing 
phlogifton, it is capable of producing ndt 
only a great heat, but even a fudden flame, 
efpecially when mixed with a little vitriolic 
acid. 

Nitrous • acid diffolves all metallic fub- 
ftances except gold and platina, and in the 
folution nitrous air is^prpduced. 

The particular kinds df faline fubftances 
formed by the union of the nitrous acid with 
the feveral metals and earths may be feen in 
tables conftru(3:ed for the purpdfe. They 
are all deliquefcent. 



LECTURE 
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LECTURE XIIL 
OftheVttriolicAcid. 

The vitriolic acid, fo called becaufe it v^as 
originally procured from vitriol^ is now ge- 
nerally procured from fulphur ; the dephlo- 
gifticated part of the. air uniting with it in 
the aft o]f burning. 

That dephlogifticated air is effential to 
this acid is evident from the decompofition 
of it ; for if the vapour of it be made to 
pafs through a red-hot earthen tube, a great 
quantity of dephlogifticated air is procured* 

This acid has a ftrong affinity to watery 
with which it unites with much heat ; and 
it is capable of greater concentration, or of 
being made Ipecifically heavier, than any 
other acid. When pure, it is entirely free 
from colour and fmell, owing, probably, to 
its being free from phlogifton, which is in- 
feparable from the nitrous or marine acids. 

E The 
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The vitriolic acid will diflodge the ni- 
trous, or marine, or any other acid, from 
their earthy or metallic bafes ; from which 
property it is called the ftrongeft of all the 
acids. 

By means of the fuperior affinity of the 
vitriolic acid to earths, and efpecially to 
terra ponderofa^ the. fmalleft quantity of 
it in water may be difcovered by a folution of 
this earth in the marine acid. In this acid 
the terra ponderofa is held in perfect folu- 
tion ; but with the vitriolic acid it forms a 
fubftance that is infoluble in water, and 
therefore it inftantly appears in the form of 
a white cloud. 

Perhaps chiefly from the ftrong affinity 
which this acid has with water, pyrophoruSj 
confiiling of a mixture of alum and feveral 
fubftanccs containing phlogiflon, takes fire 
fpontaneoufly on expofure to the air. It is 
commonly made of three parts of alum 
and one of brown fugar, or of two parts 
alum, one of fait of tartar, and one of char- 
coal. They mufl be heated till they have 
for fome time emitted a vapour that burns 
with a blue flame. 

The 
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The faline fubftances produced by the 
union of this acid with the feveral earths 
and metals, are beft exhibited in tables con- 
ftru£l:ed for the purpofe. When united to 
three of the metals, viz. iron, copper, and 
zinc, they are called vitriols^ . green, blue, 
and white. And all the fubftances which 
this acid unites with cryftallize, and do 
not' deliquefce. 

This acid unites with oil, and the mix- 
ture is always black. 

When any fubftance containing phlogif- 
ton is heated in the vitriolic acid, another 
fpecies of the acid, called fulphureous^ is 
formed, of a pungent fpiell. In, reahty, it 
is water impregnated with vitriolic acid air. 
It makes, however, a diftindt fpecies of 
acid, and is diflodged from its bafe by moft 
of the others. 



E2 Of 
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Of the Marine Acid. 

The marine acid is procured from com- 
mon fait by the vitriolic acid, which unites 
with its bafe, the foffil alkali* 

This acid is generally of a ftraw-colour ; 
but this is owing to an impregnation with 
fome earthy matter, moft of which it rea-^ 
dily diffolves, efpecially the metallic ones. 
It is lefs capable of concentration than the 
vitriolic or nitrous acids, perhaps from a 
more intimate union of phlogifton with it^ 
No heat can extrafl: from it any dephlogif- 
ticated air* 

Though this is denominated a weaker 
acid than the nitrous, yet it will take filver^ 
lead, or n^rcury, from their union with the 
nitrous acid. Upon this principle, a folu- 
tion of tbefe metals in the nitrous acid wiU 
readily difcover whether any water contains 
the naarine acid, the latter uniting with the 
metal diffolved in the former, and forming 
with it, if it be filver, a luna cornea ; which 
7 being' 
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being a fubftance infoluble in water, difco- 
vers itfelf by a cloudy appearance. 

The union of the marine acid with earths 
forms falts that eafily deliquefce, but with 
the metals fuch as are capable of cryftal- 
lization ; -and fo alfo is that formed by the 
tinion of this acid to terra ponderofa. 

Neither this acid nor the nitrous will 
diflblve gold or platina ; but a mixture of 
them, called aqua regta^ will do it. 

The marine acid has a ftrong affinity to 
dephlogifticated air, and will take it from 
manganefe and other fubftances ; and with 
this union it becomes a different acid, called 
dephlogijitcated marine actd^ being water im- 
pregnated with dephlogifticated marine acid 
air, defcribed above. ^ 
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LECTURE XIV. 

Of the Vegetable Acids ^ and others of a lejs 
perfeSi nature. 

1 HE principal of the vegetable acids are 
the acetous and the tartareous. The acetous 
acid is the produce of a peculiar fermenta- 
tion of vegetable fubftances, fucceeding the 
vinous^ in which ardent fpirit it is procured, 
and fucceeded by the putrefadiive^ in which 
volatile alkali is generated. 

Thus wine is converted Into vinegar. 
Crude vinegar, however, contains fome in- 
gredient from the vegetable fubftances from 
which it was procured : but diftillation fe- 
parates them, and makes the vinegar co- 
lourlefs ; though fome of the acid is loft in 
the procefs. 

The acetous acid is concentrated by froft, 
which does not afFeft the proper acid, but 
only the water with which it is united. 
It may like wife be concentrated by being 

firft 
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firft combined with alkalies, earths, or me- 
tals, and then diflodged by a ftronger acid, 
or by mere heat. Thus the acetous acid, 
combined with vegetable alkali, forms a 
fubftance that is called tht foliated earth of 
tartar ; and it may be expelled from it by 
the vitriolic acid. When combined with 
copper it makes , verdigris ; and from this 
union heat aloneWill expel it in a concen- 
trated ftate. The acetous acid thus con- 
centrated is called radical vinegar. Still, 
however, it is weaker than any of the pre- 
ceding mineral acids. 

Several vegetiables, as lemons, forrel, and 
unripe fruit, contain acids, ready formed by 
nature, mixed with fome of the eflential 
oil of the plants, which gives them their 
peculiar flavours. All thefe acids have pe- 
culiar properties ; but it is not necefl'ary to 
note them in this very general view of the 
fubje£l. Like vinegar, thefe acids may be 
concentrated by froft, and alfo by a combi- 
nation with other fubftances, and then ex- 
pelled by a ftronger acid. 

The acid of tartar is very fimilar to that 

of vinegar. Tartar, fronci which it is pro- 

E 4 cured, 
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cured, is a fubftance depofited on the infidc 
of wine-cafks, though it is alfo found ready 
formed in feveral vegetables. It confifts of 
the vegetable alkali and this peculiar acid* 
When refined from its impurities, it is 
called cryjlals^ or cream of tartar. The 
acid is procured by mixing the tartar with 
chalk, or lime, which imbibes the fuperflu- 
ous acid, and this is expelled by the acid of 
vitrioL Or it may be procured by boiling 
the tartar with five or fix times its weight 
of water, and then putting the acid of vi- 
triol to it. This unites with the vegetable 
alkali, and forms vitriolated tartar ; and the 
pure acid of tartar may be procured in crys- 
tals, by evaporation and filtration, equal in 
weight to half the cream of tartar. This 
acid of tartar is more foluble in water than 
the cream of tartar. 

This acid, united to the mineral alkali, 
makes Rochelle fait. 

Every kind of wood, when diftilled, or 
burned, yields a peculiar acid ; and it is the 
vapour of this acid that is fo ofFenfive to the 
eyes in the fmoke of wood. 

A peculiar acid is obtained from moft 

vege- 
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' vegetable fubftances, efpecially the farinace- 
ous ones, and from fugar, by diftillation 
with the nitrous acid. This feizes upon 
the fubftance with which the acid was 
united, and efpecially the phlogifton ad- 
hering to it, and then the peculiar acid of 
fugar cryftallizes. Thus with three parts 
of fugar, and thirty of nitrous acid, one 
part of the proper acid of fugar may be ob- 
tained. By the fame procefs an acid may 
be procured from camphor. 

The bark of oak^ and fome other vege- 
table fubftances, efpecially nut-galls, con- 
tain a fubftance which has obtained the 
name of the a/iringent principle ; the pecu- 
liar property of which is, that it precipitates 
folutions of iron in the form of a black 
powder, and in this manner ink is made* 
But by folution in water and evaporation, 
cryftals, which are a proper acid of gallsy 
may be obtained. 

timber is a hard femitranfparent fub- 
ftance, chiefly found in Pruffia, either dug 
out of the earth, or thrown up by the fea. 
It is chiefly remarkable for its eledrical 
property ; but by diftillation in clofe veflels 

there 
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there fublimes from it a concreted acid^ 
foluble in 24 times its weight of cold wa- 
ter. Amber feems to be of vegetable ori- 
gin, and to confift of an oil united to this 
peculiar acid. 

The acids I (hall mention next are of a mi- 
neral origin ; but being of a lefs perfect nature 
as acids, I (hall only juft note them here. 

Borax is a fubftance chiefly found in a 
cryftallized ftate in fome lakes in the Eaft 
Indies. It conlifts of the mineral alkali and a 
peculiar acid, which may be feparated, and 
exhibited in white flakes, by putting acid 
of vitriol to a folution of it in water. This 
acid has been cdWcdi fedative fait ^ from its 
fuppofed ufes in medicine. It is an acid 
that requires fifty times its weight of wa- 
ter to diflfolve it. 

Several other mineral fubftances, as ar- 
fenic^ molybdena^ tungjlen^ and wolfram^ in 
confequence of being treated as the preced- 
ing vegetables ones, have been lately found 
to yield peculiar acids. They are alfo pro- 
duced in a concrete (late, and require a con- 
fiderable proportion of water to make them 
liquid ; but as the water in which they are 

di(lolved 
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diffolved turns the juice of litmus red, and 
as they alfo unite with alkalis, they have 
all the neceffary charadleriftics of acids, v 



LECTURE XV. 

Of the Phofphoric Acid. 

1 HE moft important acid of animal origin, 
though it has lately been found in fome mi- 
neral fubftances, is the phofphoric. 

Phofphorus itfelf is a remarkable l^ub- 
ftance, much refembling fulphur, but much 
more inflammable. It has been procured 
chiefly, till of late, from urine, but now 
more generally from hones^ by nieans of the 
vitriolic acid, which unites with the calca- 
reous earth of which bones confift, and fets 
at liberty the phofphoric acid, or the bafe 
of that acid, with which it was naturally 
combined. The acid thus procured, mixed 

with 
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with charcoal, and expofed to a ftrong heat, 
makes phofphorus. 

This fubftance burns with a lambent 
flame in the common temperature of our 
atmofphere, but with a ftrong and vivid 
flame if it be expofed to the open air when 
moderately warm. In burning it unites 
with the dephlogifl:icated air of the atmo- 
fphere, and in this manner the pureft phof- 
phoric acid is produced. 

This acid is alfo procured in great purity 
by means of the nitrous or vitriolic acids, 
efpecially the former, which readily com* 
bines with the phlogifton of the phofpho- 
rus, and thus leaves the acid pure. In this 
procefs phlogifticated air is produced. 

This acid is perfedly colourlefs, and 
when expofed to heat lofes all its water, 
and becomes a glafly fubftance, not liable 
to be diffipated by fire, and readily uniting 
with earths. 

United to the mineral alkali, it forms a 
neutral fait, lately introduced into medi- 
cine. United to the mineral and vegetable 
alkalis naturally contained in urine, it has 
obtained the name of microcofmicfalt^ fre- 
quently 
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quently ufed as a flux for mineral fubftances 
with a blow-pipe* 

Befides the phofphoric, there are other 
acids of an animal origin ; as that of mi/i^ 
•that oifugar ofmilk^ that of the animal cal^ 
culusy and that o( fat. 

The acid of milk is the four whey con- 
tained in butter- milk, which, by a tedious 
chemical procefs, may be obtained pure 
from any foreign fubftance. 

The fugar of milk is procured by evapo- 
rating the whey to drynefs, then diflblving 
it in water, clarifying it with whites of 
eggs, and evaporating it to the confiftencc 
of honey. In this ftate white cryftals of 
the acid of fugar of milk will be obtained. 

By diftilling thefe cryftals with nitrous , 
acid, other cryftals of the proper acid of 
fugar of milk will be obtained, fimilar to 
thofe of the acid of fugar. 

If the human calculus be diftilled, it 
yields a volatile alkali, and fomething fub- 
limes from it which has a fourifli tafte, and 
therefore called the acid of the calculus. It 
is probably fome modification of the phof- 
phoric acid. 

Animal 
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Animal fat yields an acid by diftillation^ 
or by firft combining it with quick-lime, 
iand then feparating it by the vitriolic acid. 
Siliceous earth is corroded by this acid. 




LECTURE XVL 

Of Alkalis. 

The clafs of fubftances that feems parti- 
cularly formed by nature to unite with 
acids, and thereby form neutral fait s^ are 
the alkalis. They have all a peculiar acrid 
tafte, not eafily defined. They change 
the blue juices of vegetables green, or pur- 
ple, and in common with acids have 
an affinity with water, fo as to be ca- 
pable of being exhibited in a liquid form ; 
though when this water is expelled by- 
heat, fome of them will affume a folid 
form. 

Alkalis are of two kinds ; the fixed^ 

which 
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ivhich have no fmell, and the volatile 
which have a pungent one* 

The fixed alkalis are of vegetable or mine* 
r^/ origin. When in afolid form, they both 
melt with a moderate heat, and uniting 
with earthy fubftances, make glafs. With 
an intcnfe heat they are volatilized. 

Vegetable alkali is procured by burning 
plants, and lixiviating the aflies; a purer 
kind by the burning of tartar, hence called 
fait of tartar ; but the pureft of all is got 
by the deflagration of nitre ; the charcoal 
uniting with the acid as it affumes the form 
of dcphlogifticated air, and the alkali being 
left behind. 

Mineral alkali is found in afhes of fea- 
weed. It is likewife the bafis of fea-falt ; 
from which it is feparated by feveral pro- 
cefles, but' efpecially by the calx of lead, 
which has a ftronger affinity with the ma- 
rine acid with which it is found combined. 

Alkalis united with fixed air a:re faid to 
be mildj and when deprived of it caujiicj 
from their readinefs to unite with, and 
thereby corrode^ vegetable and animal fub- 
ilances. To render thena cauftic, they are 

deprived 
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deprived of their fixed air by quick -lime ; 
and in this flate they unite with oils, and 
mdkefoap. 

Alkalis have a ftronger affinity with 
acids than metals have with them ; fo that 
they will precipitate them from their folu- 
tions in acid menftruums. 

The vegetable fixed alkali has a ftrong 
attraftion to water, with which it will 
become faturated in the common ftate 
of our atmofphere, when it is faid to 
dellquejce ; and having the appearance of 
0/7, the. fait of tartar is thus faid to become 
oil of tartar per deliquium. On the other 
hand, the mineral, or foffil alkali, is apt to 
lofe its water in a dry atmofphere, and 
then it is faid to effiorefce. In this ftate it 
is often found on old walls. 
' Volatile alkali is procured by burning 
animal fubftances ; in Egypt (from whence, 
as contained mfal ammoniac^ we till of late * 
imported it) from camel's dung ; but now 
from bones, by diftillation. To the liquor 
thus procured they add vitriolic acid, or 
fubftances which contain it. This acid 
unites with the alkali, and common fait 

being 
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being put to it, a double affinity takes 
place. The vitriolic acid uniting with the 
mineral alkali of the fait, makes Glauber 
fait J and the marine acid uniting with the 
volatile alkali, mdkes/al ammoniac. Slaked 
lime added to this, unites with the marine 
acid of the ammoniac, arid feta loofe the vo* 
latile alkali in the totm of alkaline ^/r, whicli 
combining with water, makes the liquid 
ciuflic volatile alkali. If chalk (contain- 
ing calcareous earth united with fixed air) 
be* mixed' with the fal amtooniac, heat will 
rtiake the calcareous earth unite with the 
marine acid, while the fixed air of the chalk 
Avill^ unite with the volatile alkali, and af- 
fume a folid form^ being the fal volatile of 
the apothecaries. 
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LECTURE XVIL 

Of Liquid Inflammable Subjiances» 

Of liquid inflamixiable fubftances the prin- 
cipal is fpirit of wine^ fometimes called ar^ 
dentfpirit^ and, when highly reftified, alco^ 
hoi. It is obtained from vegetable fub- 
ftances by their going through the vinous 
fermentation. It is confiderably lighter than 
water, colourlefs, and tranfparent, has a pe- 
culiar fmell and tafte, and the property of 
inebriating. 

Ardent fpirit fdems to confift of a pecu- 
liar combination of phlogifton and water; 
for when the vapour of it is made to paft 
through a red-hot earthen tube, it is re- 
folved into water and inflammable air. It 
is highly inflammable, and burns without 
fmbke, or leaving any refiduum; and in 
the adl of burning its phlogifton fo unites 
with dephlogifticated air as to make fixed 
air. 

- ; Arden^ 
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Ardent f{)irit 'mixes readily wit!i water in 
all jprbportio^is, arid alfo with eflential oil^, 
and balfams or fefihs, which are. the fame, 
thing infpiitated. /\ 

By its affinity with eflential oils, .ardent 
fpirit extr^fts them frorh aroniatiic plants ; 
and thefe liquors have obtained the name of. 
tinSlures. ... 

When the tinf^ures are diftlUe^, th« 
more volatile parts of the eflential oils, 

which come over in diftillation, have ac- 

•■•■•*■ ■ ■ ■ - , 

quired the name of waters \ as Lavender 

water ^ Jtofentarfwateir^ &c. and vvhat re- 
mains in the Aill is cafled the epitraSf of the ^ 
plant.- If the tin£tur^s - be diluted with' 
much waiter, the rcfinous part of the plant 
will be bbtaihed pure, and feparated from 
the extraftiVe part, which will remaiii drf- * 
folved in the W^t6r, while the refin fepa- 
rates from it. 

Spirit of wine will not diflblve the . 
gummy parts of vegetables ; and by this 
means the gummy fubftances may be fe- 
parated frdm' their fblutibns in water, the 
fpirit uniting with the water only. On 
the other hand, if refins be diflblved in fpi- 
F z rit 
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rit of wine, the afFufion of water will fqpa- 
rate tl^iein. By means of the afftiiity of Ipi-, 
rit of wine with water, it will ieize upoiv 
the water in which feveral jf^ts are^diir 
folved, and thus produce ai) iaftant cryf- 
fallization of them. 

Salt of tartar has a greater affinity to wa- 
ter than fi»rit of wine, and by extraAing^ 
water frpm it, will afliflt in coiicentratipg 
it ; but the beft method pf rende/ing fpirit 
of wine free from water is diftillgtipa, the. 
ardent fpirit rifing before the watprw 

Spirit of wipe roixe^wilh.t|ie. vitriolic and 
other naineral acida, renders them n^ildes^t 
and thereby more proper for certain niedn^ 
einal ufes* This is cd\kdrduJci/^mg thienv 

Spirit of wine is a powerful antifcptiCj^ 
and is therefore of ufe to preserve vegetal^, 
aqd animal fubibnces from puttel^ion* 



OfMther. 

If fpirit of wine be diftilled with &lmo({: 
any of the acids, the produce is a liquor 
which has obtained the nan:ie of Mtbery 

frcmi 
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iffom its extreme lightarfs and volatility^ 
t>eihg inuca lighter, and more volatile, than 
any otHer fluid tKat vi^e are acquainted wither 
It is highly inflammable, but the burning 
of ft is accompanied with fmoke, and fomc 
ibot ; and on this account it is a medium 
Wween fpirit of wine and oil, the acid 
having taken fjr om the fpirit of wine part 
of the water that was eflential to it, at the 
fame time that it communicated fomething 
of its acid peculiarly modified ; fince aethers 
have difKsrehl pfbpci^ies according to the 
acids by which they are made ; as the w- 
trio/icj the nitrous^ the marine^ and the acf^ 
tons. No *ther, hbwever, can be made 
from the marine acid till it has been ia 
fome meafure dephld^iftlbated ; from which 
it may be inferred, that dephlogifttcated air 
is neceflary to the compdfitibh of asther. 
Vitriolic aether is the moft common, in 
confequence of the procefs by which it is 
made being the eadeft. 

jEther does not mix with water in all 
proportions, like fpirit of wine, but ten parts 
of water will take up one of aether. It ea* 
illy mixes with all oils. 

F ^ I^ 
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It is fomething remarkable, that though 
aether will not diffolve gold, it will take 
from' aqua regia the gold that h^s been pre- 
vioufly diffoved in it. 

By the quick evaporation of aether a con- 
fiderable degree of cold may be procured ; 
and on this principle it has fometimes been 
applied to relieve the head-ach and other 
pains. 



LECTURE XVni. 

' Of Oil. 

Oil is a liquid inflammable fubftance, of 
great tenacity, difpofed to pour in a ftreath 
rather than in drops. It is little, if at all,' 
foluble in water. It burns with fmoke and 
foot, add leaves a reiiduum of a coaly fub- 
ftance. It confifts of acid and water com- 
bined with phlogifton. 

AU 
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All oil is the produce of the vegetable or 
animal kingdom, no proper mineral fub- 
fhiKe containing any of it.^ 

• By diftillation oil is in part dccom'pofed, 
and by this means the thicker kinds of oil 
are rendered thinner and more volatile, the 
acid, to which their confidence is chiefly 
owing, being loft in the procefs. By re- 
peated diftillation it is fuppofed that all oils 
may be brought almoft to the ftate o^ 
aether, and even of ardent fpirit. 

Acids zOl powerfully upon oils, but very 
differently, according to the nature of each. 
Alkalies alfo combine with oils, and the 
lefs thin and volatile they are, the more ea- 
lily are they foluble in alkalies. The union 
of alkali and oil makes foap. All oil dif- 
folves fulphur, and with it makes what is 
called a balfam. Oils alfo diflblve metallic 
fubftances, but moft fenfibly copper and 
lead. United with the calx of lead, it i^ 
nfcd In painting. 

Oil riot readily mixing with water, it^ 

will diffufe itfelf over its furface, and, not- 

withftanding its tenacity, it will do this 

very rapidly, and to a great extent ; and 

. F 4 then 
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then it has the pxtraorcjmfiry efFe£k of pire- 
ventir>g the aftion pf the wind upqn the 
water, fb as to prevent the forming of 
waves. If a quantity qf oil an4 W4ti?j: be 
put into a glafs veilel and fwung, the fur^ 
face of the water b?lp\v the oij will be feea 
tp change with refpecft to the veflel, but 
not that of the oil. If fpifit of wine bc^ 
put upon therp, that will b? ^t reft, and 
both the lo^vfer flui(]s in motion. 

Vegetable oil is of t wp If:indSj the /oftf 
or mi/J^ which h^s little or no tafte or 
fn[iell, and the ejfential oil, which is thin^^ 
an^ retains the iiu^U and taite pf the plant 
from which it was extxsidled. 

Mild or fweet oil isr C3f prefled from the 
g^ain^ or kernels of vegetable;, and requires 
a cpnfidcrable degree of heat to convert it 
JAtp vapour, ii^ which ftate a^looe it ia 
capable of being iafl?imed^ 

mjenttal oil is, vplatile in the heat of boil- 
ing water, and is generally^ obtained by, 
rneans of diflillatipn from tjhe mpft odori- 
ferous forts of plants; hut is fometimes 
found in their veficles, as in the rind of an 
orange. The ftrong taft? of this kind of 

oil 
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oil arifes from the diieagaged acid which 
Ifcbounds in it; and by this means it is fo- 
luble in fpirit of wine^ which fweet oil is 
not : but it Ipfes much of this property bjr 
repeated diftillations. By lopg expofure to 
the air it lofes its more volatile parts, and 
thereby approaches to the nature of a refin. 
This volatile odoriferous principle has bee4 
called the Jpsritus re£ior of the plant. 

The efiential oils of different plants differ 
much in their fpecific gravity, and alfo in 
the manner by which they are affe^ed by 
cold, fome being heavier and others lighter 
than water, and fome being more difficultly, 
and others more eafily, congealed. Though 
the differences with refped to aveight and 
conjijtency in thefe oils is probably owing to 
, the ffate of the acid that is combined with 
them, thefe two properties are wholly in« 
dependent of each other; fome efiential 
oils being very thin and yet heavy, and 
others thick and yet li^ht. Effential oils 
are ufed in perfumes,, and alfo in medicine^ 
adling powerfully on the nervous fyflem. 
. Effential oils are very apt to be adulte- 
rated. If it be with fweet oil, it may be 

difco- 
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dife'oVefeid tvy evaporation on white paper, 
or byafoluttori in fplrit of wine, which will 
«ot a(S Ufbn tfec' fweet oil. If fpirit of 
xyinef be mixedP with it, it will be difco^ 
vered by a milky appearance upon putting 
-water to it, which uniting with the ipirit, 
wilHeave the'oil much divided. If oil of 
tifrpentme^ which is the cheapeft of effen- 
tial oils*, ^be mixed with any of the more 
valuable kinds, it will be difcovered by eva- 
poration ; a ftrong Tmell of turpentine' be- 
ing left on the paper, or cloth, upon which 
the evaporation was made. 

Animal oil, like the vegetable, is of two 
kinds ; the firft butter^ or fat^ which is ea- 
sily cpngealed, owing to the quantity of 
acid that is intimately combined with it. 
It refembles the fweet oil of vegetables in 
having no fmell or tafte. The other kind 
of animal oil is extracted by diftillaticn 
from the flefh, the tendons, the'bones, and 
horns, &c. of animals. It differs effentially 
from the other kind of animal oil, by con- 
taining an alkali inftead of an acid;* By re- 
peated diftillation it becomes highly attenu- 
ated and volatile; and in this ftate it is 

called 
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called the oil of Dippel^ the difcoverer 
of it, 

I All oil expqfed to much heat Isl in part 
d^compofedy and acqi^ires a dif^greeable 
fmell ; and in this flate it is faid to be em^ 
pyreumatic : but this property is loft by re- 
peated diftillations, ; . ,* * . 

Befides the vegetable and animal oils 
above defcribed, there is a foffil oil called 
bitumen^ the feveral kinds of which [differ 
much in colour andfconfiftence; the moft 
liquid is called petrokuniy from being found 
in the cavities of rocks, and the more folid 
kinds are bmber^jet^ afphaltum^ zndiptt'Coal. 
When diftilled, the, principal component 
parts of all thefe fubftances are an oil and 
an acid. But all foffil oil is probably of ye* 
getable or animal origin, from mafles of ve- 
getables or animals long buried in the earth. 
Their differences from refins and other oily 
matters are probably owing to time ; the 
combinations of mineral acids and oih fo 
neafly refembling bitumens, the principal 
difference b^ing their infplubility in fpirit 
of wine. 

That the moft folid of thefe, as amber, 

baa 
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has bfefeft fortticriy in ^ liqmd "ftate, ii ^vi^ 
dent, from infers and other fubftancet^ b6» 
ing frequently found in thttti ; and ^it-coal 
has been often found with both the ifitfemiA 
texjtare arid externd appearance of WcJbd; 
fo that ftrata 6f pit-coal have t)rt)bably tdM 
beds of peat in fome former ikiXt df thfe 
earth. 



i;ECtURE XIX. 
OfSoUdSubfiancei, 

Att &Iid fub(hnc6s are capable of becom- 
ing fluid by heat, and mdft of them may 
thereby t)e reduced into a ftate of vapour, 
or air ; and in paffing from a fluid into a 
iblkl ftate their component parts affume st 
{nkrtieuldr mode of arrangement, called 
crjfjldtiittatm^ which differs according fa 
thfc nature of the fubftance ; fo that all fo- 
lids, efpecially if they be fuffered to (ion- 
Crete flowly, ma/ be cdledf cryfiais. 

Excluflvc 
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B.xclufive dLfaltSy which ba;y& been coa-- 
fidered already, a^ formed* by the imbn oj^ 
acids, ami alkalis, folids it^ gonera} haye ab-» 
t^ioed thf nanaes of earths^ or fiomsy^ which} 
differ only in their texture^; and thpy ar* 
diftiogiuihed into thofe that are metaU^^ahle^ 
qr thafe thajt are not ; th^ formei^ being 
called ow, and the latter fijcgply eartki% 
the prii^ipal of whidi, are the calcareousi^ , 
JilkipH^y tvrgillaefoiis^ nuffftefick^ ierra pwde-^ 
roffi^ and a few others xyhich h^ve beeqt dil^ 
cpvjeijed: lately, byt have not beea much 
examined* 

(^ Calcareous Earth. 

Calcareous earth is found in the fli^ 
of fiJihess, th^^ bpn^s of animals, ch^lk, litn/^* 
ftpnQ, rouble, and gypfum : but all calfca^- 
reou^ earth is fuppofed to be of animal ori- 
gin ; and, beds of chalk, lim^-fipoe, or xx^x^ 
h]fii arcthjwght to have been beds of fl>?lte/ 
formed in the fea, in fome priftwie ftstfe. of. 
the cftfthr ! 

Thec%lc9r^ii|» e^rth which is found ia 
. 8; (hell5. 
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ihells, lime-ftone, and marble, is combmed 
with fixed air, difcovered by effervefcing 
with acids. To obtaitl it perfedlly pure, 
the earth miift be pounded 3nd walhed 
with water, in-order to free it from ahy fa-* 
line fubftance which may be contained in' 
it, then diflblved in diftilled vinegar,' arid' 
precipitated by mild alkalies. Lime-ftonc' 
expofed to heat lofes about half its weight, • 
in fixed air and water, and the remainder, \, 
called quick-lime^ attradls water very power-- 
fully, and their union is attended with 
much heat, after which it diffolves into a 
fine powder called Jlaked lime. If it be 
Jeft expofed. to the atmofphere,^ it will of 
itfelf, by gradually imbibing moifture, fall 
into the ftate of powder. 

Water diflalves about one feven hun- * 
dreth part of its weight of quick-lime, and 
is then called lime-water. Expefed to the * 
air, a cruft will be formed on its furface, 
which is found to confift of calcareous earth ' - 
gnd fi}^ed air. 

Lime and water mixed with fand make 

mortar^ by which meiaas different flones 

6 nniay 
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may be made ta cohere as oniSimftfe,^wJ[llch 

is the mod valuable uie of this-^kihd- of . 

earth.. ' ;■ : •■.- ' ■' -^^i^ '', •-•■ V'^i '"' ' 
] CalpareOMS earth, united with, vittiolicr 

?[cid, makes gypfum ; and this fubftancc> 
pounded andi expofed to heat, parts ^uti\^ 
its water, and is then czWtA pjaifier ofPa^' 
ris. In this ftate, by imbibing water agarn,' 
it becomes a firm fubO-ancc, and thus is ufe* 
ful in making moulds, &c. ' . i" 

The earth of animal bones is cakareous; 
wnited to the phqfphoric acid. : 



Of Siliceous Earth.' 

Siliceous earth feems to. be formed by^ 
nature from chalk, perhaps by the intro* 
duftion of fome unknown acid, which the 
vitriolic ?cid is not able to diflodge. It 
abounds in moft fubftances which are hard 
enough to ftrike fire with fleel, as Jlini^ 
rock cryjialy and mod precious Jiones. It 
is not aded upon by any acid except the 
fluor and phofphoric, but efpecially the 
foraier : but it is foluble in alkalies ; and 

being 
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being tbea diflblved in water^ makes liqmr 
Jifkum^ from which the pureft filiceous 
earth may be precipitated by acids. For 
this purpofe about four times the weight 
of alkali muft be made ufe of. With about 
equal weights of alkali and (iliceous^ fabd 
is made glafs^ of fb great ufe in admitting 
light and excluding the weather from our 
boufes, as well as for making various ufeful- 
uten(ils« To make glais perfeftly colourlefe, 
and at the fame time more denfe, com- 
monly QzX^t^Jlint glafsj manufafturcrs ufe a 
certain proportion of calx of lead and man- 
ganefc. 

Siliceous earth is not affected by the 
ftrongeft heat, except by means of a burn- 
ing lens, or dephlogifticated air« - 



LECTURE 
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LECTURE XX. 

Of Argillaceoui 'Earth. 

Argillaceous earth is found in clay^ 
fchijiusj orjlate^znd in mica ; but the pureft 
is that which is precipitated from a folution 
of alum by alkalies ; for alum confifls of the 
union of vitriolic acid and argillaceous earth. 

This fpecics of earth is dudile with wa- 
^ ter ; it then hardens and contrafts by heat, fo 
as to be of the greateft ufe in forming ^r/V>fx, 
or ftones of any required form or fize. By 
means of the property of clay to contrail 
in the fire, Mr. Wedgwood has conftrufted 
an excellent thermometer to meafure the 
degrees of extreme heat. 

The dudlility of clay feems to depend 
upon fome acid, probably the vitriolic, ad- 
hering to it ; for it lofes that property wlica 
it is burned into a brick, but recovers it 
when it has been again diffolved in an 
acid, 

G 0/ 
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OfTCerra Ponder of a. 

Terra ponder of a^ or marmor metallicum^ is 
generally found in two dates, viz. united 
to vitriolic acid, when it is called calk^ or to 
fixed air, when it is called terra ponderofa 
cerata^ 

To obtain it pure from its union witU 
the vitriolic acid, it muft be melted with 
about twice .its weight of fixed alkali ; 
-which unites with the acid, and forming a 
faline fubftance, may be waflied out of it. 
In this ftate it contains water, and there- 
jfore, when expofed to heat, will yield fixed 
air ; whereas the terra ponderofa aerata will 
not yield fixed air by heat only, but when 
fte^m is made to pafs over it when red hot. 
This proves that water is eflential to the 
compofition of fixed air. 

This ftone is diflinguiftiable by its great 
fpecific gravity, being four times as heavy 
as water; but though in this it refembles 
an ore^ it has not been found to be metal- 
lizable. . 

Of 
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C^MagneJia. 

This Ipecies of earth is found in Jleaiitesj 
orfoaprock^SpaHt/h chalky ajbejiusy znAMuf^ 
covy taick ; but the pureft is got by diflblv- 
ingEpfomfalt (which confifts of this earth 
united to the vitriolic acid) and precipitat- 
ing it by a mild alkali. In this ftate it be-*- 
comes united to fixed air, which may be ex- 
pelled by heat. It is then calcined^ or caujiici 
but differs from quick-lime by not being fo- 
luble in water. 

Ajbejlus^ which contains much of this 
kind of earth, is remarkable for not being 
deftruftible by heat, though it is fometim^s 
found in flexible fibres, fo as to be capable 
•of being woven into cloth. 

Mufcovy ialck is remarkable for the thin 
and tranfparent flakes into which it is divi-* 
fible, and thereby capable of various ufes. 

There are fome other diftind fpecies of 
earth, particularly one brought from Botany 
Bay, and another called Stontiate^ from the 
place where it was found in Scotland j but 
they have not as yet been much-examined* 
G 2 All 



^4 Le^iures oA 

All ftones formed by nature are com-* 
pounded, and to diftinguifh them from one 
another, and afcertain the parts of which 
they confift, is the fubje<9: of lithotogy^ a 
very extenfivc branch of knowledge. 

All the fimple earths are nearly, if not 
abfolutely, infujible\ but when they are 
mixed they may all be fufed. 




LECTURE XXL 
Of Ores. 

jVIet ALL I z ABLE earths, commonly calttid 
CreSy when united to phlogiildn, make the 
metals, diftinguiftiable for their fpecific gra* 
vity, their Opacity, (hining appearance, and 
fufibility. 

All the proper metals are malleable^ afii4 
thoie which are not io arc called femi^ 
metals. 

The metals again are Aibdivided into th^ 

peife£i 
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perfedl and imperfeB. The former, which are 
gold^Jihery and plattna^ fufFer no change by 
fufion, or thelongeft continued heat : whereas 
heat calcines or diflipates the phlogiflon of the 
imperfect metals, which are mercury^ lead^ 
copper^ irmj and //», fo that they return to 
the ftate of earth ; and this earth is always 
heavier than the metal, though of Jefs fpe- 
cific gravity, having received an addition of 
weight from water or air : but thefe earths, 
pr ores, being cxpofed to heat in contaft 
with fubftances containing phlogifton, again 
become metals, and are then faid to be re^ 
vivea. 

The femi-metals are blfmuth^ %inc^ nickel^ 
regulus of arfentCj of cobalt^ of antimony^ of 
tnanganefij of wolfram^ and of molybdena. 

All metallic fubftances are cryftallizable, 
and each in a peculiar form, which is dif- , 
covered by levying a hole in the bottom of 
the crucible in which they are melted, and 
drawing out the ftppp^r, when tb? naafs \% 
beginning to lofe its fluidity. 

Some of the metals will not unite to 

pthers when hot, and others of theni will} 

G ^ and 
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?nd fuch as^ will unite with others are callecf 
folders. Thus tin is a folder for lead, and 
brafs, gold, or filver, for iron. 

Ore's are never fbuhd in regular ftrata, 
like the different kind's . of earth ; but ia 
places which have forftiefly been cavities,! 
funfiing in all dire<Sions, with refpedl to 
the regutar ftrata, arid commonly called 
veins. 

Many of the ores in their natural ftate 
are faid to be minerarized with arfenic or 
fulphur, thofe fubftances being intimately 
united with the metallic earths. 

In order to convert the ores into metals, 
fome of them are firft reduced to powder, 
to wafli out the earthy or faline particles. 
They are then kept in a red heat, which 
the workmen call roajling^ in order to drive 
away the arfenic, or fulphur, which are 
volatile; and in the laft place they are 
fufed in contad with charcoal, or other 
. fubftances containing phlogifton ; and to 
promote the fufion, lime-ftone is fre- 
quently mixed with them. When the 
operation is completed, th? unnietallic parts 

?re 
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are converted into glafs, or fcorta^ which 
lies on the furface, whereas the metal is 
found at the bottom. 

To difcover the quantity of metal in a 
fmall piece of ore is called ajfaying. 

When metals are fufed together, the 
fpecific gravity, fufibility, and other pro- 
perties are changed, and in fuch a manner 
as could not be difcovered from the proper- 
ties of the conftituent parts. 



Of Gold. 

Gold is the heaviefl: of all metallic bodies 

I except platina. It appears yellow or red- 

difli by refledled light, but green or blue by 

tranfmitted light, when it is reduced to 

thin plates. 

Though gold undergoes no change in a 
common furnace, or burning lens, it may, 
in part, at. leaft, be calcined by the eledric 
ihock. 

Gold has the greateft du£iUity^ and in 

wires of equal diameters, it has the greateft 

G 4 tenacity y 
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tenacity^ of all the metals. One grain of it 
may be made to cover 56 fquare inches; 
fome gold leaf being lefs than a 200,000th 
part of an inch thick ; and when it is made 
to cover a filver wire, the gold tipon it may 
not be more than one twelfth part t)f the 
thicknefs of the gold leaf. 

This metal is foluble in aqua regia ; 
and being precipitated by a volatile alkali, 
makes a powder called aurum fulminans^ 
which is one fourth heavier than th^ gold, 
and explodes with great violence in a heat 
fomething greater than that of boiling 
water. 

Tin precipitates gold in the form of a 
purple powder, called the powder ofCaJJiuSy 
from the inventor of it, and is ufed in ena- 
mels, or the glafly coating which is given 
to metals by heat. 

Gold unites with moft of the metals,, 
cfpecially with mercury, and thefe mix- 
tures are called amalgams. In gilding, the 
amalgam is applied to the furface of the 
metal to be- gilded, and the mercury is 
driven off by heat, leaving the gold at- 
tached to the furface. 

G0I4 
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Gold mixed with iron, makes it harder, 
for the purpofe pf cutting inftruments. 

To feparate gold from the imperfed me- 
tals, fuch as copper, &c. it is mixed with 
lead, aud then expofed to a ftrong heat, 
which calcines the lead, and with it the 
imperfejjl metals, leaving the gold pure* 
This procpfs is called pupellatiofij from be** 
ing performed in a fmall crucible called a 
cupelL When the gold is mixed with fil- 
ver, three parts more of filver are put to it, 
^d then the filver is diffolved by pitrous 
^ acid, leaving the gold pure. This procefs 
is called quartation^ from the gold being 
one fourth part of the mafs. 

The finenefs of gold is generally efti** 
mated by dividing the gold into t weqty.four 
parts, called carats. The phrafe twenty'^ 
three carats fine means that the mafs con- 
tains twenty-three parts out of twenty-four 
of pure gold, the remainder being alloy ^ of 
fome bafer metal. The finenefs of gold 
may in fome meafure be difcovered by the 
colour it leaves upon a touch-fione^ or fine- 
grained bafaltes. 

^14 is generally foynd ne?irly pure^ but 

mixed 
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mitred with earth, or difFufed In fine grains 
through ftoncs. 



LECTURE XXIL 
Of Silver. 

Silver is the whiteft of all the metals, 
very duftile, but lefs fo than gold ; the 
thinneft leaves tof it being one third thicker 
than thofe of gold. It is not calcined irt 
the heat of a common furnace, but par- 
tially fo by repeated fufion, or a ftron^ 
burning lens. 

Sulphureous fumes unite with filver, and 
tinge it black. The nitrous acid diffolves 
it, and will hold more than half its weight 
of it in folution. When fully faturated, this 
folution depofits cryftals, which are called 
funar nitre^ or nitre ofjiher. When thefe 
cryftals are melted, and the water they 
contain driven off, a black fubftance, called 
3 lajl^is 
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lapis infernalisj or lunar caufticy is formed. 
This is ufed as a, cautery in furgery. A 
ftrong heat will decompofe this lunar nitre^ 
and recover the filver. 

Though thp nitrous acid diflblvies (ilver 
the moft readily, the marine ^cid will der 
prive the nitrous of it, and form a fub- 
flance called luna cornea^ becaufe, when it 
is melted and cold, it becomes a tranfpa- 
rent mafs fomething refembling horn. From 
this luna cornea the pureft filver may be 
obtained. The vitriolic acid will likewife 
deprive the nitrous of the filver containe4 
in it, and form a white powder, not eafily 
foluble in water. 

A fulminating filver may be made by the 
following procefs : the filver muft firft be 
difTolved in pale nitrous acid, then precipi- 
tated by lime-water, dried, and expofed to 
the air three days. It mull: then be wafhed 
in cauflic volatile alkali, after which the 
fluid muft be decanted, and the black pow- 
der left to dry in the- air. The flightefl 
fridion will caufe this powder to fulmi- 
nate. It is faid, that even a drop of water 
falling upon it will produce this efFe£l ; fo 

that 
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that it ought to be made only in very foiall 
quantities, and managed with the greateft 
caution. 

Moft of the metals precipitate filver. 
That by mercury may be made to affume 
the form of a tree, called arbor Dianc^. 

Silver is found native in Peru ; and the 
ores frequently contain fulphur, or sirfenic, 
or botht 

OfPlatlna, 

Pi. AT IN A is a metal lately drfcovered ia 
the gold mines of Mexico, where it is found 
in fmall particles^ never exceeding the fize 
of a pea, mi,\ed wjth ferruginous fand and 
quartz. 

Th^ ftrongeft fire will not melt thefe 
grain3, though it will make them cohere ; 
but they may be melted by a burning lens, 
or a blow- pipe fupplied with dephlogifti* 
cated air. 

Pure platina is the heaviefl: body in na- 
ture, its fpecjilc gravity exceeding twenty- 
two. It ib very malleable, though confi- 
derably ha/der than gold or filver, and has 
^ ^ the 
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the property of welding in common with 
iron. This metal is not afFefled by expo- 
fure to the air, or by any fimple acid, 
though Concentrated and hot ; but it is dif- 
folvcd by dephlogifticated marine acid, and 
by aqul fegia, in which a little nitrous air 
is procured. The folution is brown, and 
when diluted yellow. This liquor is very 
corrofive, and tinges animal fubftances of a 
blackifh brown colour. Platina is precipi- 
tated from a folution in aqua regia by fal- 
ammoniac, as gold is by martial vitriol, 
Iron is precipitated from this folution by 
the PrufTian alkali. Alfo moft of the roe- 
tals precipitate platina, but not in its met;^!- 
lic ftate. 

Arfenic facilitates the folution of platina ; 
and by melting it with equal parts of arfe- 
nic and vegetable alkali, and then reducing 
the mafs to a powder, it may be made to 
take any form ; and a ftrong heat will dif- ^ 
fipate the arfenic aud the alkali, leaving the 
platina in the (hape required, not fufible by 
any heat in a common furnace. 

Platina does not readily combine with 
gold or filver, and it refifts the a£lion of 

mercury 
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mercury as much as iron ; but it mixes 
well with lead, making it lefs duftile, and 
even brittle, according to the proportion of" 
the platina. With copper it forms a com- 
pound which takes a beautiful polifli, not 
liable to tarnifli, and is therefore ufed with 
advantage for mirrors of reflefting tele- 
fcopes. It unites eafily with tin, and alfo 
with bifmuth, antimony, and zinc. 



LECTURE XXIII. 

Of Mercury. 

jVIercury is the moft fufible of all the 
metals, not becoming folid but in 40^ be- 
low o in Fahrenheit's thermometer. It is 
then malleable. It is heavier than any 
other metal except gold or platina. It is 
volatile in a temperature much lower than 
that of boiling water, and in vacuo in the 

common 



ExperitnentaJ Philofophy. 95 

ccMtnmon temperature of the atmoiphere; 
and at fix hundred it boils« 

In a degree of heat in which it would 
rife eafily in vapour, mercury imbibes pure 
air, and becomes a red calx, called precipi- 
tate per fe. At a greater degree of heat it 
parts with that air, and is running mercury 



again. 



Mercury is not perceptibly altered by 
expofure to the air. 

Mercury is a£ted upon by the vitriolic 
acid when hot. In this procefs vitriolic 
acid air is procured, and the mercury is 
converted into a white fubftance, which 
being dipped in water becomes yellow, 
called turbith mineral^ one third heavier 
than the* mercury from which it was 
made. By heat this fubftance parts with 
its pure air, and becomes running mer- 
cury ; but if the procefs be made in a clean 
earthen veflel, there will remain a portion of 
redcalxy which cannot be reduced by any de- 
gree of heat, except in contaft with fomc 
fubftance containing phlog^fton. If this be 
done with a burning lens, in inflammable 
air, much of the air will be abforbed. 

Mercury 
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Mercury is diflblved moft readily in the 
nitrous acid, when the pureft nitrous air is 
procured; and there remains a fubftance 
which is firft yellow, and by continu- 
ance red, called red precipitate. In a 
greater degree of heat the dephlogifticated 
air will be recovered, and the mercury be 
revived; but the fubftance yields nitrous 
air after it becomes folid, and till it changes 
from yellow to red. 

The precipitates of mercury from acids 
by means of alkalies poffefs the property of 
exploding, when they are expofed to a gra- 
dual heat in an iron fpoon, after having 
been triturated with one fixth of their 
weight of the flowers of fulphur. The 
refiduxim confifts of a violet-coloured pow- 
der, which, by fublimation, is converted 
into cinnabar. , 

It feems, therefore, as if the fulphur 
combined fuddenly with the mercury, and 
expelled the dephlogifticated air in an elaf« 
tic ftate. 

The marine acid feizes upon mercury dit- 
folved in nitrous acid, and if the acid be de- 
phlogifticated^ the precipitate x^corrojivefub-^ 

limate ; 
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^mdte ; but with common marine acid, it is 
called catomeU or nkrcurius dulcis. This 
preparation is generally tnade in the dry 
way, by triturating equal parts of mefcury, 
common fait ^nd vitriol, and expofing the 
whole to a moderate heat ; when the cor- 
rofive fubliniate fifes, and adheres to thci 
upper part of the glafs veffel iri which the 
procefs is made« 

Mercury cdmbineg -readily with fulphur 
by trituration, and with it forms a black 
powder called Ethidps mineral. A ffiore 
intimate combination of mercury and ful* 
phur is made by means of fire, This is 
called cinnabar^ i^xxt orle third of which is 
fulphur« Vermillion is cinnabar reduced 
to powder. 

Mercury readily unites with oil, and 
with it forms a deep black or blue com-* 
pound, ufed in medicine. 

It readily combines with mqft of the me- 
tals, and when it is ufed in a fufficient 
quantity to make them foft, the mixture i^ 
called an amalgam. It combines moft rear 
dily with gold, filvcr, lead, tin, bifmuth, 
aad ^inc, Xiooking-glafles arc CQvered oxi 
H the 
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^ ' ' *^- 

the back with an amalgam of mcrcurjr and 

tin. 

When mercury is united with lead or 
other metals, it is rendered left brilliant 
and lefs fluid ; but agitation in pure air 
converts the impure metal into a calx, to- 
gether with much of the mercury, in the 
form of a Mack powder. 

Heat recovers the pure air, and the mer-fc 
cnry, leaving the calx of the impure metal., 

Much mercury is found native in a flaty 
kind of earth, or in maftes of clay or ftone ; 
but the greateft quantity is found combined 
with fulphur in native cinnabar. ^ 



lecture: 
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LECTURE XXIV- ;^ 
Of Lead; 

JjLiEAB.is a metal of a blyifli f}nge,,o.£np 
jgre?it tenacity, but very conficjerable. fj^eci- 
fi? gravity, being heavier than filver. It 
m^lts long before it is red hot, and is thea 
calcined, if it be in contaft with refpirable 
air. When boiling it emits fumes, and 
calcines vtxy rapidly. It may be granu- 
lated' by Ibcing poured into a wooden box, 
.and agitated. 'TDu'ring congelation it is brit-» 
tie, (o that'thie parts will feparate by the 
ftroke of a hammer ; and by this means the. 
form of its cryftal? may be difcovered. 

In thQ progrefs of calcination it firft be- 
comes a duiky grey powder^ then yet- 
low, when it is called 7naJftcot\ then, ty 
imbibing pure air, it becomes red, arfd i^ 
called //i/i^//^;;^, or red lead. In a greater dc« 
gree of heat it becomes mafficot again, hav- 
ing parted with its pure air. If the heat 
H 2 be 
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be too great, and apt>lied rapidly, it bc« 
tomes a flaky fubftance, calkd litharge \ 
and with more heat it becomes a glafs^ 
which readily unikedr; with met^llie cakes 
and earths, and is a principal ingredient in 
the manufafture oi fiipt glafs^ giving it itSr 
peculiar denfity and refractive power* 

Though lead foon tarnifbes, the imper- 
feA calx thus made does not Separate from 
the, reft of the metal, and therefore pro^ 
tedts it from any farther a£tion of the air. 
By which means it is wtry ufeful fo^. the 
covering of houfes, and other fimilar pur- 
pofes. All acids ad upon lead, and form 
with it different faline fubftances. JVhlte^ 
lead cpnfifts of its union with vinegar and 
pure , air, Alfo diffolved in vinegar, and 
cryftallized, it becomes fugar of lead^ 
which, like all the other preparations of 
this metal, is a deadly poifon. 
. s Oils diflblve the calces of lead, which, 
by this means, is th^ bafisof paints, plaif- 
ters, &c. 

. By means of heat litharge decpmpofes 
common fait, the lead uniting with the 
.marine acid, and ibrmiug a yellow ful>* 
.;. ♦. I ftaace. 
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*ibi>ce9 u£ed In painting, and by this means 
the foffil alkali is feparated* 

Lead unites with moft metals, thougU 
not with iron. Two parts of lead and one 
of tin make zf^der^ which melts with lefs 
heat than either of thie metals feparately ; 
but a compofition of eight parts of bifmuth, 
five of lead, and three of tin, makes a metal 
which melts, iu boiling waten 

This metal will be diflblved by water if it 
contain any faline matter, and the drinking 
of it pcc^iions a peculiar kind of cholic. 

Lejad is fometimes found native, but gc- 
jierally minerally mineralized with fulphur 
or arfenic, and often mixed with z fmall 
ijuantity of filven 



Of Copper. 

Copper is a metal of a reddifli or brown- 
iih colour, confiderably fbnorous, and very 
malleable. 

At a heat far below ignition, the furfaca 

of copper becomes covered with a range of 

H 3 prifmatic 
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prifinatic colour^, the commenceiment of 
its calcination ; and with more heat a felack 
fcale is formed, which eafily feparates from 
the metal, and in a ftrong heat it melts, and 
burns with a bluilh green flame. 

Copper rufts by' expofure to the au" ; but 
the partially- calcined furface adheres to the 
metal, as in the cafe of lead> and thus pre- 
serves it from farther corrofion. 

Copper diflblved in the vitriolic acid 
forms cryflals of a blute colour, called ^/i^^ 
copperas. From this folution it is precipi- 
tated by iron, which by this means be- 
comes coated with copper. The nitrous acid 
diffolves copper with moft rapidity, pro- 
ducing nitrous air. If the folution be dif- 
tilled, almoft all the acid will be retained in 
the refiduum, which is white ; but more 
heat will expel the acid, chiefly in the form 
of dephlogifticated air, and the remainder 
will be a black fubftance, confifting of the 
pure caU of copper. The vegetable aCids 
diffolre copper as well as the mineral ones, 
which makes the ufe of this metal for cu-^ 
Unary purpofes in fome cafes dangerous. 

To 
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To prevei^t this they give it a coat of txvu 
The folution of .copper in the vegetable 
acid is called verdigris. 

Alkalies diffolve copper as well as acids. 
With the vcdatile alkali a blue liquor is 
formed, but in focne cafes it becomes co- 
Ipurlefs. All the circutaftances of this 
change of colour have not yet been exa- 
mined. Both oil and fulphur will dif- 
folve copper, and with the latter it 
forms a blackifli grey compound^ ufed by 
dyers. 

Copper readily unites with mcked tin, 
at a temperature much lower than that 
which is neceflary to melt the copper ; by 
which means copper veflels are eafily co- 
vered with a coating of tin, A mixture of 
copper and tin, called bronze^ the fpecific 
gravity of which is greater than that of the 
medium of the two metals, is ufed in caft- 
iug ftatues^ cannon, and bells ; and in a cer- 
tain proportion this mixture is excellent for 
the purpofe of mirrors of reileding tele- 
*fcopes, receiving a fine polifh, and not be- 
ing apt to tarnifli. Copper and arfenic 
make a brittle compound called iombach; 
' H 4 and 
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and with zinc it makes the ufeful com* 
pound commonly called brafsy in which 
zii)C is at)out one third of its weight. 

Copper is fometimes found native ; but 
comtnonly pijxed with fulphur, in ores of 
a red, green, or blue coloijr. 

Copper being an earlier difcgvery than 
that pf iron, was formerly ufe4 for wea-^ 
pons and the fhqeing of horfes; and the 
ancients had a method, with which wo 
are not well acquainted, of giving it a 
Confider^ble degree of hardnefs, fo that 
a fword made of it might havp a pretty 
good edge, 



LECTUJU5 
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LECTURE XXV. 
Of Iron. 

Jron is a metal of a bluifli colour, of the 
greateft hardnefs, the moft variable in its 
properties, and the moft ufeful of all the 
metals ; fo that without it it is hardly pof- 
fible for any people to make great advances 
in arts and civilization. 

This metal readily parts with it5 phlo- 
gifton, fo as to be very fubjeft to calcine, or 
ruft, by expofure to the air. The fame is 
evident by the colours which appear on its 
-furface when expofed to heat, and alfb 
when it is ftruck with flint ; the particles 
that fly from it being iron partially calcined. 
Ija Gonfequence of its readily parting with 
its phlogifton, it is capable of burning, like 
wood or other fuel, in pure air. 

Iron and platina have the property of 
welding when very hot, fo that two pieces 
may be joined without any folden 

' ' When 
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When iron is heated in contaft with 
ilcam^ part of the w-ater takes the place of 
thfe phlogifton, while the reft unites with 
ity and makes inflammable air. By this 
means the iron acquires one third more 
weight, and becomes what is called Jinery 
cinder. This fubftance, heated in inflam- 
mable air, imbibes it, parts with its water, 
and becomes perfed iron again. If the iroiii 
be heated in pure air, it alfo imbibes the 
water, of which that air chiefly confifts, 
and alfo a portion of the peculiar element of 
the pure air. 

The folution of iron in fpirit of vitriol 
produces grden copperas ; which being cal- 
dned, becomes a red fubftaace, called W- 
cothar* 

, The precipitate of iron, by an infufiou 
of galls, is the colouring matter in ink^ 
which is kept fufpended by means of gunlu 
The precipitate from the fame folution by 
phlogifticated alkali, is Prt^tan blue. 

W.\ter foturated with fixed air diflblvcp 
iron, aud makes a pleafant chalybeat. 

The calx of iron gives a green colour to 

4 Ii;oa 
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Itoa retKlily combiQes with fulphun 
When they are^lbtind combined by nature^ 
the fubftancc 15 Called fyrites. 

TTie union of phofphtfric acid with irott 
Tliikes it brittllf when cold, commonly 
called coldjhorii and the union of arfenic 
makes it brittle when hot, thence called 
red/hort. • 

Iron unites with gold, filver, and platina^ 
and plunged in a white heat into mercury, 
it becomes coated with it ; and if the pro* 
cefs be frequently repeated, it will become 
'brittle, which fhews that there is fome 
mutual a£lion between them. 

Iron readily unites with tin ; andty dip- 
ping thin plates of iroa into melted tin, 
they get a complete coating of it^ and make 
the tinned plates in common ufe. 

When crude iron comes from the fmelt- 
ing furnace it is brittle ; and when it is 
white within, it is extremely * hard ; but 
when it has a black grain, owing to its 
haying more phlogifton, it is fofter, and 
may be filed and bored. 

Caft iron hecomes malleable by being ex- 
pofed to a blaft of air when nearly tnelting; 

the 



the c6rirfeqticrice of whkh is ;a.difcharg6 of 
^nflaoimable air, and ;the feparation of a li- 
qnid fubiftance, • which, whep concreted, i$ 
palled jft^ery rinder. The iron generally 
lofes one fourth of its w^ght in the pro- 
cefs. Crude irpn contains much plumbago^ 
jand the accefs of pure air probably affiftsia 
difcharging it, by converting it into air, 
chiefly inflammable; 

Malleable iron, expofed to a red heat in 
irontadl* with charcoal, called cementation^ 
converts it m\o JieeU which has the proper- 
ties of becoming much harder than iron, 
and very elaftic, by being firft made very 
jiot, and then fuddenly cooled, by plunging 
it in cold water. -By firft making it very 
hard, and then giving different degrees of 
heat, and cooling it in thofe diffei'ent de^- 
grees, it is capable of a great variety of 
tempers^ Proper for different ufes. Qf the 
degrees of heat workmen judge by the 
change pf colour on its furface. Steel, like 
crude iron^ is capable of being melted with^* 
out lofing its properties. Jt is then called 
cafljieel^ and is of a more uniforn);t^xture* 
.Iroii acquires fome little weight by being 

converted 
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converted into fteel ; and when djlTolved in 
acid, it yields more plumbago. Steel has 
ibmetbing lefs fpeci£c gravity than iron* 
If the cementation be continued too long^ 
the fleel acquires a darkifh fradure^ it is 
more fufible, and incapable of welding. 
Steel heated in contad with earthy mat- 
ters, is reduced to iron* 

Iron is the only fubftance capable, of mag^ 
netifm ; and hardened, fteel alone is capable 
of retaining magnetifm. The loadflone is 
an ore of iron. 



LECTURE XXVI. 

OfTtn. 

Tin is a metal of a (lightly yeIlowi(K 
caft, though harder than lead, very mallc'* 
able, but of no great tenacity; fo that 
wires Qanijot be rnadc. of it. It cafily ex- 
tends 



tends under the hammer^ and plates of 'k, 
called tinfoilj arc made only onei ttioufacidth 
part of an inch thick, afid miglit btiniadc 
as thin again. > -i. r ; 

Tin has lefs fpecific gravity than any 
other metal. It melts long bcfbi-e ignii- 
tion, at 4io of Fahrenheit, and by the con- 
tinuance of heat is flowly converted into a 
white powder, which is the chief ingredi- 
ent m putty f ufed in j)Olifliing, &c. ^ Like 
lead, it is brittle when heated a little (hort 
of fulion, and may be reduced into grkin§ 
by agitation as it paiTes from a fluid to a fo* 
lid ftate. 

The calx of tin^jisfifts iiifipn more than 
that of any other metal, which makes it 
ufeful in making ah opaque white enamel. 

Tin lofes its bright furface when expofed 
to the air, but is not properly fubjedl to 
ruft ; fo that it is ufeful in protefting iron 
and other metals from the effeds of the at- 
mofphere. 

Concentrated vitriolic acid, affifted by 
heat, diflblves half its weight of tin, and 
yields vitriolic acid air. With more water 
it yields inflammable air. During the fo- 

lution^ 



ExperttHmtal Phikfophy. i i i 

lutjton^ the phlogifton of the tin uniting 
with the acid, forms fulphur, which makes 
it turbjd* 'By long ftanding, or the addi* 
tion of water, the calx of tin is precipitated 
from the folution. The nitrous acid dif- 
folves tin very rapidly without heat, and 
yields but little nitrous air. With marine 
acid this metal yields inflammable aih With 
iqua regia it affumes the form of a gelati* 
nous fubftance lifed by dyers to heighten 
the colour of fome red tinctures, fo as to 
produce a bright fcarlet in dying wool. 

A tranfparent liquor, which emits very 
copious fumes, called, from the inventor^ 
f&eJmoJimg /iquor of Liiavius^ is made by 
diftilling equal parts of amalgam of tin aad 
mercury with corrofive fublimate, triturated 
together. A colourlefs liquor comes over 
firft, arid then a thick white fume, which 
condcnfes into the tranfparent liquor above, 
mentioned. Mr^ Adet has (hewn, that this 
liquor bears the fame relation to the com^^ 
fhon folution of tin, that corrofive fubU- 
mate does to calomel, and has given an in- 
gexiious folution of many of its properties. 

Tin detoixates with nitre ; and if the cryf- 

tals 



tals made by the folution of copper in the 
nitrous acid be inclofed in tinfoil, nitrous 
fumes will be emitted, and the whole will 
become red hot* Alfo if five times its 
weight of fulphur be added to melted tin^ 
a black brittle compound, which readily 
takes fire, will be formed. 

Another combination of tin, fulphur, and 
mercury, makes a light yellow fubftance, 
called aurum mufivumy ufed in painting. 

Tin is the principal ingredient in the 
compofition oi pewter ^ ^he other Ingredi- 
ents being lead^ zinc, bifmuth, and copperj 
each pewterer having his peculiar receipt. 
It is alfo ufed in coating copper and iro» 
plates, and in filvering Ipoking-glaffes, be- 
fides being caft into a variety of forms^ 
when it is called Block tin. 

Tin is fometimes found native, but is 
generally mineralized with fulphur and 
arfenic. The latter is thought to be al- 
ways contained in tin, and to be the caufib 
of the crackling uoife made by bending 
jplates of it. 



0/ 
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Of the Semi^metats^ 

Bismuth is a femi-metal of a yellowifll 
or rcddifti caft, but little fubjedt to change in 
the air, harder than lead, but eafily broken, 
and reducible to powder. When broken 
it exhibits large fhining facets, in a variety 
of pofitions. Thin pieces of it are coofidcr- 
ably fonorous. 

. Bifmuth melts at about 460'' of Fahren-. 
heit. With more heat it ignateSj and 
burns with a flight blue ilame, while a yeU 
lowifli calx, c^Wtdi Jlowers of bifmuth ^ is. pro- 
duced. With more heat it becomes a greenifli 
glafs. In a {Irong heat, and in clofe vcffels, 
this metal fublimes. 

Vitriolic acid, even concentrated and boil- 
ing, has but little efFe<a upon bifmuth ; but 
the nitrous acid ads upon it with the 
greatefl rapidity and violence, producing 
much nitrous air, mix^d with phlogifticated 
nitrous vapour. From the folution of bif- 
muth in this acid, a white fubftance, called 
magljlery of bifmuth^ is precipitated by. the 

I afFufion 
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afFufion of water. This has been ufed as a 
paint for the Ikin, but has been thought to 
injure it. 

The marine acid does not readily adt 
upon bifmuth ; but when concentrated, it 
jforms with it a faline combination, which 
does not eafily cryftallize, but may be fub- 
limed in the form of a foft fufible fait, 
ealled butter of bifmuth. 

Bifmuth unites with moft metallic fub- 
ftances, and in general renders them more 
fufible. When calcined with the imper- 
itdi metals, it unites with them, and has 
the fame efFed\ as lead in cupellation. 

Bifmuth is ufed in the compofition of 
pewter, in printers^ types, and other metal- 
lic mixtures. 

This metal is fometimes found native, 
but more commonly mineralized with ful- 
phur. 
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LECTURE XXVll; 

I 

PSicKEL is d fetili-metal of a reddifli cafti 
tff jgreat hardnefs, and always magnetical ; 
on which account it is fuppofed to contain 
iron, though chemifts have not yet been 
able to feparate them. 

The purieft nickel was fo infufible as not 
to rqn into a mafs in the flrongeft heat of 
ia fmith's forge j but then it was in fomc 
degree ixialleable. 

Concentrated acid of vitriol only corrodes 
nickel; Alkalies* precipitate it from its fo- 
lution in the nitrous acid, and diflblve the 
precipitate*' It readily unites with fulphur. 

Nickel is found either native or mineraU 
ized with Icveral other metals, efpecially 
with copper, when it is called kupfer nickel^ 
oxfalfe copper^ being of a reddilh or copper 
colour. 

I 2 This 
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This femi-metal has not yet been applied 
to any ufe. 

^^^^ 

What is commonly called arfentc is the 
calx of a femi-metal called the regulus of 
arfenic. It is a white and brittle fubftance, 
expelled from the ores of feveral metals by 
heat. It is then refined by a fecond fubli- 
tnation, and melted into the mafles in which 
it is commonly fold. This calx is foluble 
in about eighty times its weight of cold 
water, or in fifteen times its weight of boil- 
ing water* It afl:s in many refpedls like 
an acid, as it decompofes nitre by diftilla- 
tion, when the nitrous acid flies off, and the 
arfenicalfalt ofMacquer remains behind. 

When the calx of arfenic is diftilled with 
fulphur, the vitriolic acid flies off, and a fub- 
fiance of a yellow colour, called orpiment^ is 
produced. This appears to confifl: of fulphur 
and the regulus of arfenic ; part of the ful- 
phur receiving pure air from the calx, to 
which it communicates phlogifton ; and thus 
the fulphur becomes converted into vitriolic 

acid. 
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acid, while the arfenical calx is reduced, 
and combines with the reft of the fulphur. 

The combination of fulphur and arfenic, 
by melting them together, is of a red co- 
lour, known by the name oirealgal^ or real^ 
gar. It is lefs volatile than orpiment. 

The folution of fixed alkali diflblves the 
calx of arfenic, and by means of heat a 
brown tenacious mafs is .produced, and hav- 
ing alfo a difagreeable fmell, it is called //- 
ver of arfenic. 

The regulus of arfenic is of a yellow co- 
lour, fubjeft to tarnifh or grow black, by 
expofure to the air, very brittle, and of a 
laminated texture. In clofe veffels it wholly 
' fublimcs, but burns with a fmall flame in 
pure air. 

Vitriolic acid has little aftion upon this 
femi-metal, except when hot ; but the ni* 
trous acid afts readily upon it, and Hkewife 
diflblves the calx, as does boiling marine 
acid, though it affedls it very little when 
cold. 

Mofl: of the metals unite with the regu- 
lus of arfenic. 

Dephlogifticated marine acid converts the 
. I 3 calx 
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calx of arfenic into arfenical acid by givitig 
it pure air. 

, The acid of arfenic *£ls more or lefs 
upon all metals, but the phenomena do not 
appear to be of much importance. 

The calx of acid is ufed in a variety of 
the arts, efpecially in the manufactory of 
glafs. Orpiment and realgar are ufed ai} 
pigment^. Some attempts have been made 
to introduce it into medicine, but being 
dangerous, the experiments ftiould be made 
wi}:h cautioii. 

Of Cobalt. 

Cobalt i§ a femi-metal of a grey or fteel 
colour, of a clofe^grained fradure, more 
difficult of fufion than copper, not eafily 
calcined. It foon tarnifhe§ in the air, but 
water has no efFe6t upon it. 

Cobalt, diffolved in aqua regia^ mak<^ 
an excellent fympathetic ink, appearing 
green when held to the fire, and difappear- 
ing when cold, unlel's it has been heated too 
fnuch, when it burns the paper. 

\ The 
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The calx of cobalt is of a deep blue co- 
lour, which, when fufed, makes the blue 
glafs called yJwa//. The ore of cobalt, called 
v^affre^ is found in feveral parts of Europe, 
but chiefly in Saxony. As it is commonly 
fold, it contains twice or thrice its weight 
of powder of flints. The fmalt is ufually 
compofed of one part of calcined cobalt, 
fufed with two parts of powder of flint and 
one of pot -a (h. 

The chief ufe of cobalt is for making 
fmalt ; but the powder and the blue-ftone 
ufed by laundrefles is a preparation made by 
the Dutch of a coarfe kind of fmalt. 

Of Zinc. 

Zinc is a femi-metal of a bluifli caft, 
brighter than lead, and fo far malleable as 
not to be broken by a hammer, though it 
cannot be much extended. When broken 
by bending, it appears to confift of cubical 
grains. If it be heated nearly to melting, 
it will be fufl[iciently brittle to be pulve- 
rized. It melts long before ignition, and 
when it is red hot, it burns with a dazzling 

I 4 whit? 
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white flame, and is calcined with fuch ra* 
pidity, that its calx flies up iii the form 
of white flowers, C'3X[tA Jlowers of zinc ^ or 
philojophlcal wool. In a ftronger heat they 
become a clear yellow glafs. Heated ia 
clofe veflels, this metal rifes without de- 
compofition, being the moft volatile of all 
the metals except the regulus of arfenic. 

Zinc diflblved in diluted vitriolic acid, 
yields much inflammable air, and has a re- 
fiduum, which appears to be plumbago, and 
the liquor forms cryftals, called white cop^ 
feras. This metals alfo yields inflammable 
air when diflblved in the marine acid. Dif- 
folved in the nitrous aci,d, it yields dephlo- 
giflicated nitrous air, with very little pro- 
per nitrous air. 

The ore of zinc, called calamine^ is gene- 
rally of a white colour ; and the chief ufe 
of it is to unite it with copper, with which 
it makes brafs and other gold-coloured mix- 
tures of metals. The calx and the falts of 
this metal are occafionally ufed in me- 
dicine. 
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Experimental Philofopby. 1 2 x 

LECTURE XXVIIL 

Of Antimony. 

The regulus of animony is of a filvery 
white colour, of a fcaly texture, very brit- 
tle, and melts foon after ignition. By con- 
. tinuance of heat it calcines in white fumes, 
called argentine fowers of antimony^ which 
melt into a hyacinthine glafs. In clofc 
veffels it rifes without decompofition. Its 
calx is foluble in water, like that of arfenic. 
This metal tarnifties, but does not properly 
ruft, by expofure to the air. 

This metal is foluble in aqua regia. It 
detonates with nitre, and what remains of 
equal parts of nitre and regulus of antimony 
after detonation, in a hot crucible, is called 
diaphoretic antimony. The water ufed in 
this preparation contains a portion of the- 
calx fufpended by the alkali, and being pre- 
cipitated by an acid, is called cerufe of anti- 
mony. 

When 
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When regulus of antimony is pulverized 
and mixed with twice its weight of corro- 
five fublimate (which is attended with 
heat) and then diftilled with a gentle fire, 
a thick fluid comes over, which is con- 
gealed in the receiver, or in the neck of 
the retort, and is called butter of antimony. 
The refiduum confifts of revived mercury, 
with fome regulus and calx of antimony. 
When this butter of antimony is thrown 
into pure water, there is a white precipi* 
tate, called powder of algarothy a violent 
emetic. Nitrous acid diflblves the butter 
of antimony ; and when an equal weight 
of nitrous acid has been three times di-^ 
ftilled to drynefs from butter of antimony, 
the refiduum, after ignition, is called 
bezoar mineral^ and feems to be little more 
than a calx of the metal. 

Crude antimony, which has been much 
ufed in the experiments of alchemiftsV is a 
combination of fulphur and regulus of anti- 
mony. Heat melts it, and finally converts 
it into glafs, of a dark red colour, called lk>er 
if antimony. If antimony be melted or boiled 
with a fixed alkali, a precipitate is made^by 
3 cooling. 



Experimental Philofophy. 1 23 

fEOoling, called kermes mineral^ formerly 
bfed in medicine. The antimonial pre- 
parations that are now moft in ufe are anti- 
tmnial wine and tartar emetic^ The wind 
is made by infufing pulverized glafs of an- 
timony in Spanifti wine fome days, and fil- 
tering the clear fluid through paper. The 
/emetic tartar, or antimonial tartar, is a fai- 
Jine fubftance, compofed of acid of tartar, 
vegetable alkali, and antimony partially cal- 
cined. The preparation may be feen in 
the Difpenfarics. 

The regulus of antimony is ufed in the 
form of pills, which purge more or lefs in 
proportion to the acid they meet with ; and 
las they undergo little or no change in pa(C- 
ing through the body, they are called per-^ 
petual pilh. 

Of Manganefe. 

Manganese is a hard, black mineral, 
very ponderous, and the regulus of it is a 
•femi-metal of a dull white colour when 
fcrpken, but fopn grows dark by ejcpofure 

to 
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to the air. It is hard and brittle, though 
not pulverizable, rough in its fradure, and 
of very difficult fufion. Its calces arc 
white when imperfeft, but black, or dark 
green, when perfeft. The white calx is 
foluble in acids. When broken in pieces, 
it falls into powder by a fpontaneous calci- 
nation, and this powder is magnetical, 
though the mafs was not poflefled of that 
property. The black calx of manganefe is 
altogether^infoluble in acids. It contains 
much dephlogifticated air. 

The calx of manganefe is ufed in making 
glafs; the glafs deflroying the colour of 
that of the other materials, and thereby 
making the whole mafs tranfparent. 

This femi-metal mixes with moft of the 
metals in fufion, but not with mercury. 

There is another ore of manganefe, 
called black woad^ which inflames fpon- 
taneoufly when mixed with oil. 

Of Wolfram. 

Wolfram is a mineral of a brownifli or 
black colour, found in the tin mines of 

Cornwall, 



Experimental Philofophy. 125 

Cornwall, of a radiated or foliated texture, 
fhining almoft like a metal. It contains 
much of the calx of manganefe, and iron ; 
but when the fubftance is pulverized, thefe 
are eafily diflblved, and the calx of wolfram 
is found to be yellow. 

This qalx turns blue by expofure to 
light ; and an hundred grains of it heated 
with charcoal will yield fixty grains of a 
peculiar metal, in fmall particles, which, 
when broken, look like fteel. It is foluble 
in the vitriolic or marine acids, and re-, 
duced to a yellow calx by nitrous acid or 
aqua regia. 

Of Molybdena. 

MoLYBDENA IS a fubftance which much 
refembles plumbago; but its texture is 
fcaly, and not eafily pulverized, on account 
of a degree of flexibility which its laminae 
poflefs. With extreme heat, and mixed 
with charcoal, it yields fmall particles of a 
metal that is grey, brittle, and extremely 
infufible; and uniting with feveral of the 
nictals, it forms with them brittle or friable 

' compounds. 
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compounds. By heat it is converted in td i 
white calx. 



. Of Solid Combujiible Subjiancet. . 

^Tjhere yet remains a clafs of folid'fiib- 
ftances, oi ih^ combujiible kind, but moft o/ 
them have 'been already conlidefed undef 
the form of the fluids, from which they 
are originally formed, as bitumen^ pit-coali 
and arnber; or under the principal ingredi- 
ents of which they are compofed, as y«/-* 
pbur and plumbago. 

There only remains to be mentioned the 
diamond^ which is of a nature quite dif-* 
fei-ent from that of the other precious 
flones, the principal ingredient in which is 
filiceous earth, which renders them not 
liable to be much afFeded by heat. On the 
contrary, the diamond is a combuflible fub* 
ftancc ; for in a degree of heat fomcwhat 
greater than that which will melt filver, it 
burns with a flight flame, diminiihes cott^ 
mon air, and leaves a foot behind. Alfo, 
if diamond powder be triturated with vitri^ 

die 
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olic acid, it turns it black, which is another 
proof of its containing phlogifton. . ^ . 

The diamond is valued on account of its 
extreme hardnefs, the exquifitc polifh it is 
capable of, and its extraordinary refraftivc 
power ; for light falling on its interior fur- 
face with an angle of incidence greater than 
24-i- will be wholly refleded, whereas ia 
glafs it requires an angle of 41 degrees* 



LECTURE XXIX. 

Of the Do&rine of Phlogifton and the Com^ 
pojitiofi of Water. 

It was fuppofed to be a great difcovery of 
Mr. Stahl, that all inflammable fubftances, 
as well as metals, contain a principle, or 
fubftance, to which he gave the name of 
phlogifton^ and that the addition or de- 
privation 
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privation of this fubftance makes fome of 
the moft remarkable changes in bodies, 
cfpecially that the union of a metallic calx 
and this fubftance makes a metal ; and that 
combuftion confifts in the feparation of 
phlo^ifton from the fubftances that contain 
it. That it is the fame principle, or fubr 
ftance, that enters into all inflammable fub- 
ftances, and metals, is evident, from its be- 
ing difengaged from any of them, and en- 
tering into the compofition of any of the 
others. Thus the phlogifton of charcoal 
or inflammable air becomes the phlogifton of 
any of the metals, when the calx is heated 
in contact with either of them. 

On the contrary, Mr. Lavoifier and moft 
of the French chemifts, are of opinion, that 
there is no fuch principle, or fubftance, as 
phlodfton ; that metals and other inflam- 
mable bodies are fimple fubftances, which 
have an affinity to pure air ; and that com- 
buftion confifts not in the feparation of any 
thing from the inflammable fubftance, but 
. in the union of pure air with it. 

They moreover fay, that water is not, 
as has |?cen commonly fuppofed, a fimple 

fubftance. 
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fubftande, but that it confifts of two ele- 
ments, viz. pure air^ or oxygene^zndL ano« 
ther, to which they give the name oi hy^ 
drogeney which, with the principle oiheatj 
called by them calorique^y is inflammable 
fiir. 

The principal fa£l adduced by them to 
prove that metals do not lofe any thing 
when they become calces, but only gain 
fomething, is, that mercury becomes a 
calx, called precipitate per fe^ by imbibing 
pure air, and that it becomes running mer- 
cury again by parting with it. 
This is acknowledged r but it is almoft 
* the only cafe of any calx being revived 
without the help of fome known phlogiftic . 
fubdance ; and in this particular cafe it 19 
not abfurd to luppofe, that the mercury, in 
becoming precipitate per fe, may retain all 
its phk)gifton, as well as imbibe pure air, 
and therefore be revived by fimply parting 
with that air. In many other cafes the 
fame metal, in different ftates, contains 
more or lefs phlogifton, as caft iron, malle- 
able iron, and fteel. Alfo there is a calx of 
mercury made by the add of vitriol, which 

jC cannot 
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cannot be revived without the help of in* 
flammable air, or fome other fubftance fup- 
pofed to contain phlogifton : and that the 
inflammable air is really imbibed in thefe 
procefles, is evidelit, from its wholly difap- 
pearing, and nothing being left in the veflcl 
in which the procefs is made befide the me- 
tal that is revived by it. If precipitate pef 
fe be revived in inflammable air, the air will 
be imbibed, fo that running mercury may 
contain more or lefs phlogifton. 

The antiphlogiftians alfo fay, that the 
diminution of atmofpherical air by the 
burning of phofphorus is a proof of their 
theory ; the pure air being imbibed by that 
fubftance,. and nothing emitted from it* 
But there is' the fame proof of phofphorus 
containing phlogifton, that there is of dry 
flefli containing it ; fince the produce of 
the folution of it. in nitrous acid, and its 
cfFe£t upon the acid, are the fame, viz. the 
produftion of phlogifticated air, and the 
phlogiftication of the acid. 

Their proof that water is decompofed, is, 
that in fending fteam over hot iron, inflam- 
mable air (which they fuppofe to be one 

conftituent 
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cdtiftituent part of it) is procured ; while 
the othef part j viz. the oxygene, unites with 
the iron, and adds to its weight. But it 
is replied, that the inflammable air may be 
well fuppofed to be the phlogifton of the 
iron, united to part of the water, as its bafc,,. ' 
while the remainder of the water is im- 
bibed by the calx ; and that it is mere wa- 
ter, and not pure air, or oxygene, that i* 
retained in the iron, is evident, from no- 
thing but pure water being recovered wheri 
this calx of iron is revived in inflammable > 
air, in which cafe the inflammable air 
wholly difappears, taking the place of the 
water, by which it had been expelled. 

In anfwer to this it is faid, that the pure 
air expelled from the calx uniting with the 
inflammable air in the veflel, recompofes 
the water found after this procefs. But in 
every other cafe in which any fubftance 
containing pure air is heated in inflam- 
mable air, though the inflammable air be 
in part imbibed, iovn^Jixed air is produced, 
and this fixed air is.compofed of the pure 
air in the fubftance and part of the inflam- 
mable air in the veflel. Thus, if minium^ 

K z which 
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>vhich cont^ns pure air, and maJJicoU 
which contains none, be heated in inflam- 
mable air, in both the cafes lead will be re- 
vived by the abforption of inflammable air ; 
but in the former cafe only, and not in the 
latter, will fixed air be produced. The 
calx of iron, therefore, having the fame 
effeft with maflicot, when treated in the 
fame manner, appears to contain no nnore 
pure air than maflicot does. 

Befides this explanation of the fafts on 
which the new theory is founded, which 
fhews it to be unneccflary, the old hypo- 
thefis being fwfllicient for the purpofe, fome 
fa£ls are allcdged, as inconfiftent with the 
new doftrine. 

If the calx of iron made by water, and 
charcoal made by the greateft degree of 
heat, be mixed together, a great quantity 
of inflammable air will be produced; 
though, according to the new theory, nei- 
ther of thefe fubftances contained any wa- 
ter, which they maintain to be the only 
origin of it. But this faft is eafily ex- 
plained upon the do<Strine of phlogifton; 
the water in this calx uniting with the 

phlogiflon 
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phk>gifton of the charcoal, and then ioxict^ 
ing inflammable air; and it is the iaoie 
kirni of inflammatde air that is made from 
charcoal and water. 

Alfo the union of inflammable and pure 
air, when they are fired together by means 
of the eleftric fpark, produces not pure 
water, as, according to the new theory, it 
ought to do, but nitrous acid. 

To this it has been obje&ed, that the 
acid thus produced came from the decora- 
pofition of phlogifticatcd air, a fmall por- 
tion of which was at firft contained in the 
mixture of the two kinds of air. But 
when every particle of phlogifticatcd air 
is excluded, the ftrongeft acid is pro* 
cured. 

They find, indeed, that by the flow 
burning of inflammable air iiji pure air, 
they get pure wa^er. But then it ap- 
pears, that whenever this is the cafe, 
there is a produftion of phlogifl:icated air, 
which contains the neceflary element of 
nitrous acid; and this is always the cafe 
when there is a little furplus of the in-^ 
flammable air that is fired along with the 
K 3 jpurc 
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pure air, as the acid is always procured 
ivhen there is a redundancy of pure air. 

That much water (hould be procured 
by the decompofition of thefe kinds of air; 
is eafily accounted for, by fuppofing that 
water, or fteara, is the bafis of thefe, as well 
as of all other kinds of air. 
' ' Since air fomething better than that of 
the atmofphere is conftantly produced from 
water by converting it into vapour, and 
alfo by removing the preflure of the at- 
mofphere, and thefe procefles do not ap- 
pear to have any limits ; it feems pro- 
bable, that water united to the principle 
of heat^ coriftitutes atmofpherical air ; and 
if fo, it muft confift of the elements of 
both dephlogifticated and phlogifticated 
air ; which is a fuppofition very different 
from that of the French chemifts. 



LECTURE 
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LECTURE XXX. 
Of Heat. 

Heat is ai> afFeftioii of bodies well known 
by the fenfation that it excites. It is pro- 
duced by friftion or compreffion, as by the 
ftriking of flint againft fteel, and the ham- 
mering of iron, by the reflc£lion or refrac- 
tion of light, and by the combuftion of in- 
flammable fubftances. 

It has been long difputed, whether the 
caufe of heat be properly a fubjlance^ or 
fome particular affeflion of the particles 
that compofe the fubftance that is heated* 
But be it a fubftance, or a principle of any 
other kind, it is capable of bein^ transferred 
from one body to another, and the com- 
munication of it is attended with the fol- 
lowing circumftances. AU fubftances are 
expanded by heat, but fome in a greater 
degree than others; as metals more than 
earthy fubftances, and charcoal more than 

K 4 wood. 
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wood* Alfo fome receive and tranfmit 
heat through their fubftance more readily 
than others ; metals more fo than earths, 
and of the nietals, copper more readily 
than iron. Inftruments contrived to af- 
certain the expanfion of fubftances by heat, 
are called pyrometers j and are of various 
conftruftions. 

As a ftandard to meafure the degrees of 
heat, mercury is in general preferable to 
any other fubftance, on account of its rea* 
dily receiving, and communicating, heat 
through its whole mafs. Thermometers^ 
therefore, or inftruments to meafure the 
degrees of heat, are generally conftru6led 
of iti though, as it is fubjciSt to become fo- 
lid in a great degree of cold, ardent fpirit, 
which will not freeze at all, is more proper 
in that particular cafe, 

Thegraduation of thermometers is arbitra- 
ry. In that of Fahrenheit, which is chiefly 
ufed in England, the freezing point of water 
is 32% and the boiling point 212°. In that 
of Reaumur, which is chiefly ufed abroad, 
the freezing point of vv^ater is o, and the 
boiling point 80. To meafure the degrees 

of 
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of heat above ignition, Mr. Wedgwood has 
happily contrived to ufe pieces of clay, 
which contrai?; in the fire; and' he has 
al(b been able to find the coincidence of 
the degrees in mercurial thermometers 
with thofe of his own^ 

To roeafure the degrees of heat and cold 
during a perfon's abfence, Ltond George 
Cavendifh contrived an inftrument, in 
which a fmall bafon received the mercury, 
that was raifed higher than the place for 
which it was regulated by heat or cdd, 
without a power of returning. Burt Mr*, 
Six has lately hit upon a better method, 
viz. introducing into the tube of his ther- 
mometer a fmall piece of iron, which is 
raifed by the afcent of the mercury, and 
prevented from defcending by a fmaU 
fpring; but which may be brought back 
to its former place by a magnet i^ing 
through the glafs. 

Heat,. like light, is propagated in right 
lines I and what is more r^markable^ cold 
obferves the fame laws. For if the fub- 
ftance emitting heat without light, as iron 
below ignition, be placed in the focus of 

a burning 
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a burning mirror, a thermometer in the focns 
of a fimil^ mirror, placed parallel to it, 
though at a confiderable diftance, will be 
lieated by it, and if a piece of ice be placed 
there, the mercury will falL 

Heat affifts the fblvent power of almofl: 
all menflrua ; fo that many fubftances will 
unite in a certain degree of heat, which 
will form no union at all without it, as dc- 
phlogifticated and inflammable air. 

If fubftances be of the fame kind, they 
will receive heat from one another, in pro- 
|>ortion to their mailes. Thus, if a quan- 
tity of water heated to 40*^ be mixed with 
another equal quantity of water heated to 
20% the whole mafs will be heated to 30°. 
But if the fubftances be of different kinds, 
they will receive heat from each other in 
dificrent proportions, according to their r^- 
facity (as it is called) of receiving heat^ 
Thus, if a pint of mercury of the tempe- 
rature of 136 be mixed with a pint of water 
of the temperature of 50, the temperature 
of the two after mixture will not be a me- 
dium between thofe two numbers, viz. 93, 
l>ut 76; confequently the mercury was 

coole4 
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cooled 60% while the water was heated 
only 26; fo that 26 degrees of heat in 
water correfpond to 60 in mercury. But 
mercury is about 13 times fpecifically hea- 
vier than water, fo that an equal weight of 
mercury would contain only one thirtieth part 
of this heat ; and dividing 26 by 13, the quo- 
tient is 2. If weighty therefore, be confi- 
dered, the heat difcovered by water (hould 
be reckoned as 2 inftead of 60 ; and confe*^ 
quently when water receives 2 degrees of 
heat, an equal weight of mercury will receive 
60°; and dividing both the numbers by 2, if 
the heat of water be i, that of the mercury 
will be 30, Or (ince they receive equal 
degrees of heat, whether they difcover it 
or not (and the lefs they difcover, the more 
they retain in a latent ftate) a pound of 
mercury contains no more than one thirtieth 
part of the heat adtually exifting in a pound 
of water of the fame temperature. Water, 
therefore, is faid to have a greater capacity 
for receiving and retaining heat, without 
difcovering it, than mercury, in the pro- 
portion of 30 to i^ if weight be con-^ 

fideredi 
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fidered, or of 60 to 26, that is of 30 to 15 ; 
}S bulk be the ftandard, though, according 
to fome, it is as 3 to z. 

The capacity of receiving heat in the 
fam6 fubftance is grcateft in a ftate of va- 
pour, and leaft in that of a folid ; {q that 
when ice is converted into water, heat is 
abfprbed, and nK>re ftill when it is con- 
verted into vapour; and on the contrary, 
.wiica vapour is converted into water, it 
l^ives out the heat which it had imbibed, 
and when it becomes ice it gives out ilill 
more. 

If ^qual quantities of ice and water be 
expofed to heat at the temperature of 32^, 
the ice will only become water, without 
receiving any additional fenfible heat ; , but 
tn equal quantity of water in the fame 
fituation would be raifed to 178^; fo that 
146 degrees of heat will be imbibed, and 
remain latent in the water, in confequence 
p£ its pafling from a ftate of ice : and heat 
cohimunicated by a given weight of vapour 
^ill raife an equal weight of a noneva- 
jporable fubftance, of the fame capacity 
8 with 
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with water, 943 degrees ; fo that muck 
more heat is latent in fleam, than in the 
water from which it was formed. 

This dodrine of latent heat explains a 
great variety of phaenomena in nature ; as 
that of cooling bodies by evaporation, the 
vapour of water, or any other fluid fubn 
ftance, abforbing and carrying off the heat 
they had before. 

Water, perfedly at reft, will fall con-* 
fiderably below the freezing point, and 
yet contintie fluid: but on the (lighteft 
agitation, the congelation of the whole, or 
part of it, takes place inftantly, and if the 
whole be not folid, it will inftantly rife ta 
32^, the freezing point. From whatever 
caufe, (bnve motion feems neceflary to the 
commencement of congelation, at leaft ia 
a moderate temperature; but whenever 
any part of the water becomes folid, it 
gives out fome of the heat it had beforej 
and that heat which was before latent be* 
coming fenfible, and being difFqfed through 
the whole mafs, raifes its temperature. 

On the fame principle, when watef 
heated higher than the boiling point in at 

digefter 
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digefter is fuddenly permitted to efcape 
in the form of fteam, the remainder is in- 
ilantly reduced to the common boiling 
point, the heat above that point being car- 
ded off in a latent ftate by the fteam. 

Had it not been for this wife provifion 
in nature, the whole of any quantity of 
water would, in all cafes of freezing, have 
become folid at once ; and alfo the whole 
of any quantity that, was heated to the 
point of boiling, would have been coa- 
verted into fteam at once ; circumftances 
which would have been extremely incon- 
venient, and often fatal. 

This dodlrine alfo explains the efFeft of 
freezing mixtures, as that of fait and fnow, 
Thefe folid fubftances, on being mixed, be- 
come fluid, and that fluid abforbing much 
heat, deprives all the neighbouring bodies 
of part of what they had. But if the tem- 
perature at which the mixture is made be 
as low as that to which this mixture would 
h^ve brought it, it has no effeft, and in a 
lower temperature this new fluid would 
become folid; for that mixture has only 
a certain determinate capacity for heat, 

and 
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and if the neighbouring bodies have lefi 
heat, they will take from it. 

It has been obferved, that the compara- 
tive heat of bodies containing phlogifton is 
increafed by calcination or combuftibn ; fb 
that the calx of iron has a greater capacity 
for heat, and therefore contains more latent 
heat, than the metal. 

In general it is not found, that the fame 
fubftances have their capacity for receiving 
he^t increafed by an increafe of tempera- 
ture } but this is faid to be the cafe' witK 
a mixture of ardent fpirit and water, and 
alfo that of fpirit of vitriol and water. 

Since all fubftances contain a greater or 
lefs quantity of heat, and in confequence of 
being deprived of it become colder and 
colder, it is a queftion of fome curiofity 
to determine the extent to which this cari 
go, or at what degree in the fcale of a 
thermometer any fubftance would be ab-r 
folutely cold, or deprived of all heat ; and 
an attempt has been made to folve this 
problem in the following manner. Com* 
paring the capacity of water with that of 
ice, by means of a third fubftance, viz. 

mercyry, 
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mercury, k has been found, that if that 
of ice be 9% that of water is 10''; fo that 
water in becoming ice gives out one tenth 
part of its whole quantity of heat. But it 
has been (hown, that ice in becoming wa-** 
ter abforbs 146 degrees of heat. This, 
therefore, being one tepth part of the 
whole heat of water, it muft have con- 
tained 1460 degrees; fo that taking 32 
degrees, which is the freezing point, from 
that number, the point of kbfolute cold 
will be 1426 below o of Fahrenheit's fcale. 
By a computation, made by means of 
the heat of inflammable and dephlogifti- 
catcd air, at the temperature of 50, Dr. 
Crawford finds, that it contains nearly 
1550 degrees of heat; fo that the point 
of abfolute cold will be 1500 below o. 
But more experiments are wanted to Iblve 
this curious problem to entire fatisfa^on. 



LECTURE 
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LECTURE XXXI. 

Of Animal Heat. 

OiNCE all animals, and efpecially thofe that 
have red blood, are much hotter than the 
medium in which they live, the fource 
of this heat has become the fubjeft of 
much inveftigation ; and as the nftbft' pro- 
bable theory is that of Dr. Crawford, I 
(hall give a (hort detail of the reafons on 
which it is founded. 

Having, vv^ith the moft fcrupulous at- 
tention, afcertained the latent^ or, as he 
calls it, the abfolute heat of blood, and alfb 
that of the aliments of which it is com- 
pofed, he finds that it contains more than 
could have been derived from them. Alfo 
finding that the abfolute heat of arterial 
blood exceeds that of venous blood, in the 
proportion of 1 14. to 10, he concludes that 
it derives its heat from the air refpired 

L • in 
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in the lungs, and that it parts with this la- 
ienthe2Ltj fothat it becomes fenfible, in the 
xourfe of its circulation, in which it be- 
comes loaded with phlogifton, which it 
communicates to the air in the lungs. 

That this heat is furniflied by the air, he 
proves, by finding, that that which we in- . 
fpire contains more heat than that which 
we expire, or than the aqueous humor 
which we expire along w^th it, m a very 
confideraUe proportic«i ; fb that if the heat 
contained in the pure air did not become 
latent in tlie bipod, it would raife it^ tcmr 
perature higher than that erf red-hot iron. 
And again, if the venous blood, in being 
converted into arterial blood, did not re-^ 
ceive a fupply of latent heat from the air, 
its temperature would fall from 96 to 104 
below o in Fahrenheit*s thermometer. 

That the heat procured by combuftion 
has the fame fource, viz. the dephlogidi- 
cated air that is decompofed in the proccfs, 
is generally allowed; and Dr. Crawford 
finds, that when equal portions of air arc 
altered by the refpiration of a Guinea pig, 
or by the burning of charcoal, the quantity . 
8 0?"? 
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of heaf communicated by the two proceffes 
is nearly equal. 

The following fafts are alfo alleged in 
favour of his theory. Whereas animals 
which have much red blood, and refpire 
much, have the power of keeping fhem- 
felves in a temperature confiderably higher 
than that of the furrounding atmofphcre, 
other animals, as frogs and ferpents^ are 
nearly of the fame temperature with it ; 
and thofe animals which have the largeft 
refpiratory organs, as birds, are the warmeft ; 
alfo the degree of heat is in fome meafure 
proportionable to the quantity of air that is 
refpired in a given time> as in violent exer- 
cife. 

It has been obferved, that animals in a 
medium hotter than the blood have a power 
of preferving themfelves in the fame tem- 
perature. In this cafe the heat is probably 
carried off by perfpiration, while the blood 
ceafes to receive, or give out, any heat ; and 
Dr. Crawford finds^ that when an animal 
is placed inr a warm medium the colour of 
s the venous blood approaches nearer to that 
of the arterial than when it is placed in a 
L 2 colder 
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colder medium ; and alfo, that it phlogiffr- 
cates the air lefs than in the former cafe ; 
fo that in thefe circumftances refpiration 
has not the fame efFedt that it has in a 
colder temperature, in giving the body an 
additional quantity of heat ; which is an ex- 
cellent provifion in nature, as the heat is 
not wanted, but, on the contrary, would 
prove inconvenient. 



LECTURE XXXII. 

Of Light. 

Another moft important agent in nature^ 
and one that has a near connexion with 
heat, is lights being emitted by all bodies in 
a ftate of ignition, and efpecially by the 
fun, the great fource of light and of heat 
to this habitable world. 

Whether light confifts of particles of 

matter 
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matter (which is moft probable) or be the 
undulation of a peculiar fluid, filling all 
Ipace, it is emitted from all luminous bo- 
dies in right lines. 

Falling upon other bodies, part of the light 
is refe&ed at an angle equal to that of its 
incidence, though not by impinging on the 
reflecting furface, but by a power afting at 
a fmall diflance from it. But another part of 
the light enters the body, and is refraHed 
or bent towards^ ovfrom^ the perpendicular 
to the furface of the new medium, if the 
incidence be oblique to it. In general, rays 
of light falling obliquely on any medium 
are bent as if they were attrafted by it, 
when it has a greater denfity, or contains 
more of the inflammable principle, than 
the medium through which it was tranf- 
mitted to it. More of the rays are re- 
flefted when they fall upon a body with a 
fmall degree of obliquity to its furface, and 
more of them are tranfmitted, or enter the 
body, when their incidence is nearer to a 
perpendicular. 

The velocity with which light is emitted 
or reflefted is the fame, and fo great that it 

L 3 pafles 
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paffes from the fun to the earth in about 
eight minutes and twelve feconds. 

Rays of light emitted or refleded from a - 
body entering the pupil of the eye, are fo 
refra<9:cd by the humours of it, as to be 
united at the furface of the retina, and fb 
make images of the objefts, by means of 
which they are vifible to us ; and the mag- 
nifying power of telefcopes or microfcopes 
depends upon' contriving, by means of re- 
flexions or refractions, that pencils of rays 
iffuing from every point of any objefl (hall * 
firft diverge, and then converge, as they • 
would have done from a much larger objeft, 
or from one placed much nearer to the eye. 

When a beam of light is bent out of 
its courfe by refraftion, all the rays 
of which it confifts are not equally rc- 
frafted, but fome of them more and others 
lefsj and the colour which they are dif- 
pofed to exhibit is connected invariably 
with the degree of their refrangibility ; the 
red-coloured rays being the leaft, and the 
violet the moft refrangible, and the reft 
being more or lefs fo in proportion to their 
nearnefs to thcfe, which are the extremes^ 

in 
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in the following order, violet, incltgo, blue, 
greeo, yellow, drange, fed. 

Thefe colours, when fcparatcd as much 
^s poffible, ire fiUl contiguous'; and all 
the (hades of each colour have likt^^ifb 
tiheir feparate and inVariaUe degrees of re- 
fVangibUitjr. Whfen feparated as diftinftlj 
is poffible, they divide the whole fpace 
between them exactly as a mufical;^ chord 
is divided in order to found the foveral 
Aotes and half notes of an o£tave; 

Thefe differently-coloured rays of light 
are alfo feparated in paffing through the 
tranfparent medium of air and water, in 
confequcnce of which ihe fky appears blue 
and the fea green, thefe rays being re* 
turned, while the xe^ ones proceed to a 
greater diftance. ^ By this mdans alfo ob- 
jefts at the bottom of the fea appear to 
divers red, and fo do all objeds enlightened 
by an evening fun. 

The mixture of all the differently-co- 
loured rays, in the proportions in which 
they cover the coloured image above men- 
tioned, makes a vohtte^ and the abfence of 
all light is blacinefs. 

L4 Bj 
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;By means of 'the different refrangibility 
of light, the colours of the rainbow may be 
explained.., .. . \ :, ^^,, 

.The. diftaiice to . wlfjisif the differently- 
colgwf ed ray^ are fepajated from each other 
is . not in, prppprtion to. the mean refradive 
pcjwer.of tjie medium, but depends upon 
the peculiar conftitu|:ion of the fubftance 
by which they are refrafted. The dif* 
prjing pow(r of glafs, into the compofition 
of which lead enters, is great in proportion 
to the mean refradion ; and it is propor- 
tionally little in that glafs in which there 
is much alkaline faft. The conftruftion 
of achromatic telef copes depends upon this 
principle. 

Not only have differfnt rays of light 
thefe different properties with refpedl: to 
bodies, fo as to be more or lefs refrafted, 
or difperfed, by them, but different fides 
of the fame rays feem to have different 
properties, for they are differently affefted 
on entering a piece of ijland cryJlaL With 
the fame degree of incidence, part of the 
pencil of rays, confifting of all the colours, 
proceeds in oite direction, and the.reil: ia 

a different 
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a difFerent one ; fo that objedls feen through 
a piece of this fubftance appear double. 

At the furface of all bodies rays of light 
are promifcuoufly reflected, or tranfmitted. 

But if the next furface be very near to it, 
the rays of one colour chiefly' are refleded, 
and the reft tranfmitted, and thefe places 
occur alternately for rays of each of the 
colours in palling from the thinneft to the 
thickeft parts of the medium ; fo that fe* 
veral feries, or orders, of colours will be vifi- 
ble on the furface of the fame thin tranf- 
parent body,^ On this principle coloured 
rings appear between a plane and a convex 
lens, in a little oil on the furface of water, 
and in bubbles made with foap and water. 

When riays of light pafs near to any 
body;, lb as to come within the fphere of 
its attradion and repulfion, an infiedion 
takes ' place; all the kinds of rays being 
bent towards^ or from^ the body, and thefe 
powers afFedting fome rays more than 
others, they are by this m-eans alfo fepa- 
ratcd from each other, fo that coloured 
ftreaks appear both within the ihadow, and 
.5 on 
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on the outfide of it, the red rays being 
inflected at the grcateft diftance from the 
body. 

Part of the light which enters bodies is 
retained within thetp, and proceeds no far- 
ther ; but fo loofely in fome kinds of bo- 
.dies, that a fmall degree of beat is fufficient 
to expel it again, fo as to make the body 
vifible in the dark : but the more heat is 
applied, the fooner is all the light expelled. 
This is a ftrong argument for the materi- 
ality of light. Bolognian phofphorus is a 
fubftance which has this property; but a 
compoiition -made by Mr. Canton, of cal- 
cined oyfler-fhells and fulphur, in a much 
greater degree. However, white paper, 
and moft fubftances, except the mttals, 
are poffeffed of this property in a fmall 
degree. 

Some bodies, efpecially phofphorus, and 
animal fubftances tending to putrefaftion, 
emit light without being fenfibly hot. 

The colours of vegetables, and likewife 
their tajle ^nxAfmellj depend upon light. It is 
alfo by means of light falling on the leaves and 

other 
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other green parts of plants, that they emit 
dephlogifticated air, which preferves the 
atndofphere fit for refpiration. 

It is light that imparts colour to the 
fikins of men, by means of the fluid imme* 
diately under them. This is the caufe of 
tannings of the copper colour of the North 
Americans, and the black of the Ne* 
groes. Light alfo gives colour to feveral 
other fubftances, efpecially the foiutions of 
mercury in acids* 




I.ECTURE XXXIIL 

Of Magnetifm. 



jVIagnetism is a property peculiar to 
iron, or fome ores of it. The earth itfelf, 
owing probably to the iron ores contained 
in it, has the fame property. But though 
all iron is afl;ed upon by magnetifm, /^^/ 

onl/ 
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only is capable of haying the power com-, 
municated to it. 

Every magnet has two poles, denomi- 
nated ;?(9r/i6 m\dL fouthy each of which at- 
trafts the other, and repels that of the fame 
kind with itfelf. If a magnet be cut into 
two parts, between the two poles, it will 
make two magnets, the parts that were con- 
tiguous becoming oppofite poles. 

Though the poles of a magnet are de- 
nominated north and fouth-^A^ity do not 
conftantly, and in all parts of the earth, 
point due north or fouth, but in moft places 
to the eaft or weft of them, and with a 
confiderable variation in a courfe of time. 
Alfo a magnet exadlly balanced at its cen- 
ter will have a declination from an hori- 
zontal pofition of about 70 degrees. The 
former is called the variation^ and the latter 
the dipping of the magnetic needle. 

A ftraight bar of iron which has been 
long fixed in a vertical pofition, will be- 
come a magnet, the lower end becoming a 
north pole, and the upper end a fouth one; 
for if it be fufpended horizontally, the 
lower end will point towards the north, ^ 

and 
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and the upper end towards the fouth. Alia 
any b^r of iron, not magnetical, held in a 
vertical pofition, will become a temporary 
magnet, the lower end becoming a north 
pole, and the upper end a fouth one ; and a 
few ftrokes of a hammer will fix the poles 
for a (hort time, though the pofition of the 
^nds be changed. Maguetifm may like^ 
\vife be given to a bar of iron by placing it 
firmly in the pofition of the dipping-needle, 
and rubbing itjiard one way with a poliflied 
ileel inftfument. Iron will alfo become 
magnetical by ignition and quenching it 
in water in the pofition of the dipping- 
needle. 

Magrietifm a£ts, without any diminu- 
tion of its force, through any medium ; 
and iron not magnetical will have that 
power while it is in connexion with a mag- 
net, or rather the power of the magnet is 
extender! through the iron. 

Steel filings gently thrown upon a mag- 
net, adhere to it in a curious manner ; and 
the filings, acquiring magnetifm by the 
contact, adhere together, and form a num- 
^ber of fmall inagpets, which arrange them- 

fclves 
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felrcs according to the ztitz&xon of the 
poles of the original magnet. This ex- 
periment is made to the moft advantage 
tipon a piece of pafteboard, or paper, placed 
over the magnet. 

Magnetifm is communicated by the fric- 
tion, or the near pofition, of a magnet to a 
piece of fteel of a fize lefs than it. For this 
reafon a combination of magnetical bars 
will have a greater efFc<9: than a fingle 
one ; and in the following manner, begin- 
ning without any magnetifm at all, the 
greateft quantity may be procured. Six 
bars of fteel may be, rendered flightly mag- 
netical by fixing each of them fucceffively 
to an upright poker, and ftroking it feveral 
times from the bottom to the top with the 
lower end of an old pair of tongs. If then 
four of thefe bars be joined, the magnetifnk 
of the remaining two will be much in- 
creafed by a proper method of rubbbg 
wifh them ; and by changing their places, 
joining the ftrongeft, and afting upon the 
wcakeft, they may all be made as mag- 
netical as they are capable of being. 

The ftrength of a natural magnet may 

be 
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be iflcrcaied by covering its polar extremi- 
ties with fteei. This is called the urming 
of the loadftone. 

To account for the variation of the 
needle, Dr, Halley fuppofed the earth to 
confift of two parts, an external Jheli ami 
an internal nucleus^ detached, and having a 
revolution diftin^: frpm it; and that thd 
a^ictti of the poles of the fhdl and of the 
nnckus would explain all the varieties ia 
the pofition of the needle. But others 
think that the caufe of the magnetifm of 
the earth is not within^ but without itfelf* 
One reafon for this opinion is, that a mag- 
net is liable to be afFedcd by a ftrong aurora 
borealis ; and another is, that the variation 
of the needle proceeds in fuch a manner as 
fuppofes thiit the motion of the nucleus 
muft be quicker than that of the fliell of 
the earth ; whereas, fince it is moft na- 
tural to fuppofe that motion was cooa*- 
mxmicated to the nucleus by the (hell, it 
would be flower. 

Some idea of the quantity and the pro- 
grefs of the variation of the needle may 4)e 
formed from the following fads. — At the 

Cape 
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Cape of Good Hope, when it was difco- 
vered by the Portuguefe, in i486, there 
was no variation, the needle there pointing 
due north ; in 1622 it was about 2 degrees 
weftward,' in 1675 ^^ ^^^^ ^° ^* ^^^ 1700 
about II'' W. in 1756 about 18^ W* 
and in 1774 about 21 4- W. In Lon- 
don, in 1580, the variation was 11 de- 
grees 15 feconds E. ; in 1622 it was 6° E. 
in 1634 it was 4 deg. 5 min. E. in 1657 ^^ 
was nothing at all; in 1672 it was 2 deg. 
30 min. W. in 1692 it was 6 deg. W. 
in 1753 it was about 16 W. and at pr^fent 
it is about 2 1 W. 

The longitude may in fome places be 
found by the variation of the needle ; and 
Mr. Churchman, of America, having given 
much attention to the fubjeft, comparing 
the obfervations of others, and many of 
his own, thinks that he has found a me- 
thod of determining the longitude to a 
great degree of certainty, in moft cafes, by 
this means. 

He fays there are two magnetic poles of 
th6 earth, one to the north and the other to 
the fouth, at different diftances from the 

poles 
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^oles of the earth, and devolving in dif* 
ferent times ; and from the combined in- 
fluence of thefc two poles he deduces rules 
for the pofition of the needle in all places 
of the earth, and at all times, paft, prefent, 
or to come. 

The north magnetic pole, he fays, makes 
a complete revolution in 426 years, 77 days^ 
9 hours, and the fouth pole in about 5459 
years. In the beginning of the year 1777 
the north magnetic pole was in 76 deg* 
4 min. north latitude; and in longitude 
from Greenwich 140 deg. eaft; and the 
foutli was in 72 deg. fouth latitude^ and 
140 deg. eaft from Greenwich. 
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LECTURE XXXIV. 

Cf.Elearicity. 

EiiECTRlciTV is a property belonging to, 
or capable of being communicated to, all 
fubftances whatever ; and whereas by fome 
of them it is tranfmitted with great eafe^ 
an4 by others with much difficulty, they 
have been divided into two clafles, and de- 
nominated condudlors or non^conduSiors of 
elciSlricity. Alfo the latter receiving this 
power by friftion, and other means, are 
termed eledrics^ and the former noH'- 
ek£irics. 

Metals of all kinds, and water, arc con- 
ductors, though in very different degrees ; 
fo alfo is charcoal. All other fubftances^ 
and alfo a perfcft vacuum, are non-con- 
dudors of eleftricity* But many of thefe 
fubftances, when they are made very hot, 
as glafs, refiiXy baked wood, and perhaps all 

the. 
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the reft on which the expcritnent caa be 
made in this ftate, are condudtors* 

It is the property of all kinds of eleftrics^ 
when they are rubbed by bodies different 
from themfelves, to attraft light fubftanees 
tof all kinds, to exhibit an appearance of 
lights attended with a particular y^^W, on 
the approach of any conduftor ; and if the 
noftrils are prefented, they are afFe£ted with 
^fmell like that of phofphorus. This at- 
tradlion is moft eafily explained by fup-* 
pofing that eledricity is produced by a 
fluid exceedingly elaftic, of repulfive of it- 
fclf, and attradted by all other fubftanees^ 

An eleftric exhibiting the appearances 
above mentioned, is faid to be excited^ and 
fome of them, particularly the tourmaline^ 
are excited by heating and cooling, as well 
as by friftion. It appears, however, that 
excitation confifts in the mere transferring 
of eledricity from one fubftance to ano- 
ther, and that the great fource of eleftricity 
is in the earth. On this account it is ne- 
ceflary to the confiderable excitation of any 
eleftric, that the fubftance againft which it 
is rubbed (hence termed the rubber) have a 

M 2 commu- 
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communication with the earth, by meara^ 
of conduftors ; for if the rubber be^ infu^ 
Jatedj that is cut off from all communica- 
tion with the earth by means of Atdtncsi 
the fridtion has but little efFeft. 

When infulated bodies have been at-> 
trafted by, and brought into contaft with,^ 
an excited eleftric, they begin to be re-* 
pelled by it, and alfo to repel one another j 
nor will they be attrafted again till they 
have been brought into contaft with fome 
conductor communicating with the earth ; 
but after this they will be attracted as at 
firft. 

If conductors be infulated^ elefkric powers 
ftiay be communicated to them by the ap- 
proach of excited eleftrics, or the contadl: 
of other eleftrified bodies. They will then 
attraft light bodies, and give fparks, &c. 
like the excited ele<ftrics themfelves. 

When eledricity is ftrongly communi- 
cated to hifulatcd animal bodies, the pulfe is 
quickened, an J perfpiration increafed ; and 
if they receive, or part with, their eleftri- 
city on a fudden, a painful fenfation is felt 
at the place of communication* But what 
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is more extraordinary, is, that the influence 
of the brain and nerves upon the mufcles 
fcems to be of an eledlric nature. 

This is one of the laft and moft impor- 
tant of all philofophical difcoveries. I fhall, 
therefore, give the refult of all the obferva- 
tions that have hitherto been made on the 
fubjeft, in ^iferles of propojitions^ drawn up 
by an intelligent friend, who has given 
much more attention to it than I have 
4one. 

I. The nerve of the limb of an animal 
being laid bare, and furrounded with a piece 
of Ihect lead, or of tinfoil, if a communica- 
tion be formed between the nerve thus 
armed and any of the neighbouring mufcles, 
by means of a piece of zinc, ftrong contrac- 
tions will be produced in the limb. 

z. If a portion of the nerve which has 
been laid bare be armed as above, contrac- 
tions will be produced as powerfully, by 
forming the communication between the 
armed and bare part of the nerve, as be^ 
tween the armed part and mufcle. 

3. A fimilar efFe£l is produced by arm- 
ing a nerve and fimply touching the armed 
. M 3 part 
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part of the nerve with the metallic con* 
dufton 

4. Contraftions will take place if a 
mufcle be armed, and a communication 
be formed by means of the conduftor be- 
tween it and a neighbouring nerve. The 
fame efFe£t will be produced if the com- 
IBunication be formed between the armed 
mufcle and another mufcle, which is con- 
tiguous to it. 

5, Contradions may be produced in the 
limb of an animal by bringing the pieces of 
metal into contadi with each other at fome 
diftance from the limb, provided the latter 
make part of a line of communication be- 
tween the two metallic conduftors. 

The experiment which proves this is 
made in the following manner. The am- 
putated limb of van animal being placed 
npon a table^ let the operator hold with 
oqe hand the principal nerve, previoufly 
laid bare, and in the other let him hold a 
piece of zinc ; let a fmall plate of lead* or 
lilver be then laid upon the table, at fome dis- 
tance from the limb, and a communication 
be formedj^ hy means of water, between the 

limb 
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limb and the part of the table where the 
metal is lying. If the operator touch the 
piece of filver with the zinc, contraftions 
will be produced in the limb the moment 
that the metals come into contafl: with 
each other. The fame efFe£l will be pro- 
duced if the two pieces of metal be previ- 
vioufly placed in cdntaft, and the operator 
touch one of them with his finger. This 
fa£t was difcovered by Mr. William Cruik- 
ihank. 

6. Contractions can be produced in the 
amputated leg of a frog, by putting it into 
water, and bringing the two metals into 
contaft with each other at a fmall diftance 
from the limb. 

7. The influence which has palled 
through, and excited contractions in, one 
limb, may be made to pafs through, and 
excite contractions in, another limb. la 
performing this experiment it is neccffary 
to attend to the following circuoiftances : 
let two amputated limbs of a frog be taken ; 
let one of them be laid upon a table, and its 
foot be folded in a piece of filver ; let a per- 
ibn lift up the nerve of this limb with a fil* 

M 4 vcr 
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ver probe, and another perfon hold in his 
hand a piece of zinc, with which he is to 
touch the filver including the foot ; let 
the perfon holding the zinc in one hand 
eatch with the other the nerve of the fe- 
cond limb, and he who touches the nerve 
of the firft limb is to hold in his other hand 
the foot of the fecond ; let the zinc now 
be applied to the filver including the foot 
of the^ firft limb, and contraftions will im-f 
mediately be excited in both limbs, 

8. The heart is the onljr inyoluntary 
tnufcle in which contradions can be ex-? 
cited by thefe experiments. 

9. Gontraftions are produced more 
ftrongly,, the farther the xoating is placed 
from the origin of the nerve. 

10. Animals which were alnibft dead 
have been found to be confiderably revived 
by exciting this influence. 

ir. When thefe experinjents are re- 
peated upon an animal that has been killed 
by opium, or by the elcftric fliock, very 
flight contra(3:ions are produced ; and no 
. contractions whatever will take place in an 
animal that h^s been killed by corrofivc 

fub- 
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fublimate, or that has been ilarved to 
death. 

12. Zinc appears to be the beft exciter 
when applied to . gold^, filver, molybdena, 
fteel, or copper. The latter metals, how- 
ever, excite but feeble contradions whea 
applied to each other. Next to zinc, ia 
contact with thefe metals, tin and lea3, 
»nd filver and lead, appear to be the mofl: 
powerful excitfers. 

At leaft two kinds of fifhes, the torpedo 
and the ^^rical eel^ have a voluntary 
power of ^ing fo ftrong a* (hock to the 
water in which they fwim, as to afFeft 
fifhes and other animals which come near 
them;., and hy a conducting communica- 
tion bq|tween different parts of thefe fifties, . 
^n ele£iric fliock may be given exadlly like 
that of the Leyden phial, which will be 
defcribed hereafter ; and if the communi- 
cation be interrupted, a flafti of eleftric 
light will be perceived. 

The growth of vegetables is alfo quick- 
ened by eledricity. 

LECTURE 
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LECTURE XXXV. 

^be fame Subje£i continued^ 

jlS o elciSric can be excited without pro* 
ducing eledric appearances in the body 
with which it is excited, provided that 
body be infulated ; for this infulated rub-^ 
ber will attraft light bodies, give fparks^ 
and make a fnapping noife) upon, the ap- 
proach of a conduftor, ^s well as the ex- 
cited eledric. 

If an infulated condudor be pointed, or 
if a pointed conductor, communicating with 
the earth, be held pretty near it, little or 
no eledric appearance will be exhibited, 
only a light will appear at each of the 
points during the adl of excitation, and a 
current of air will be fenfibte from off them 
both. 

The effedl of pointed bodies is beft ex- 
pi ' ' '^n the fuppofition of the eleftric 

mattw 
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matter in one body repelling that in ano- 
ther ; and confequently the eleftricity be- 
longing to a body with a large furface 
making a greater refiftance to the entrance 
of foreign eleftricity than that belonging 
to a fmaller. 

Thefe two eledlricities, viz. that of the 
excited eledric, and that of the rubber, 
though fimilar to, are the reverfe of, one 
another. A body attrafted by the one will 
be repelled by the other, and they will at- 
traft, and in all refpefts aft upon, one ano- 
ther more fenfibly than upon other bodies ; 
fo that two pieces of glafs or filk poffefled 
of contrary eleftricities will cohere firmly 
together, and require a confiderable force 
to feparate them. 

Thefe two eledlricities having been firft 
difcovered by producing one of them from 
glafs, and the other from amber, feal* 
ing-wax, fulphur, rofin, &g. firft obtained 
the names of vitreous and rejinous eleftri- 
city ; and it being afterwards imagined that 
one of them was a redundancy, and the other 
a deficiency, of a fuppofed ele£lric fluid, 
the former has obtained the name of po- 

fttivey 
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fitive^ and the latter that oi negative^ elec- 
tricity ; and thefe terms are now princi- 
pally in ufe. 

. Pofitive and negative ele<Slricity may be 
diftinguifhed from each other by the man- 
ner in which they appear at the points of 
bodies* From a pointed body cleftrified 
politively, there iflues a ftream of light, 
divided into denfer ftreams, at the extre- 
mities ; whereas, when the point is elec- 
trified negatively, the light is more mi- 
njately divided, and difFufed equally. The 
former of thefe is called a brujh^ and the 
latter zjlar. 

If a cpnduftor not infulated be brought 
within the atmofphere (that is the fphere 
of atlion) of any eledlrified body, it ac- 
quires the eledricity oppofite t6 that of 
the eledrified body, and the nearer it is 
brought, the ftronger oppofite eledlricity 
does it acquire, till the one receive a fpark 
from the other, and then the eledricity of 
both will be dlfcharged. 

The eleftric fubftance which feparates 
the two conductors poflTefiing thefe two 
oppofite kinds of electricity, is faid to be 

charged. 
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charged. Plates of glafs are the moft, colt- 
venient for this purpofe, and the thinner the 
plate the greater is the charge it ia capable 
of holding. The conduftors contiguous t<y 
each fide of the glafs are called their ccatiHg4 

Agreeably to the above- mentioned gene-' 
ral principle, it is neceflary that one fide of 
the charged glafs have a communication: 
with the rubber, while the other rcccivci 
the eleftr-icity from the conductor, or with 
the conduftor, while tl\e other receives^ 
from the rubber. 

It follows alfo, that the two fides of 
the plate thus charged are always poflefled 
of the two oppofite eleftricities ; that fide 
which communicates with the excited elec- 
tric having the eledtricity of the eledric, 
and that which communicates with the 
rubber, that of the rubber. 

There is, confequently, a very eager at- 
traftion between thefe two eledricities 
with which the different fides of the plate 
are charged, and when a proper communi- 
cation is made by means of conduftors, a 
flafh of eleftric light, attended with a re- 
6 port 
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port (which is greater or lefs in prdportloil 
to the quantity of eleftricity communicated 
to them, and the goodnefs of the condu^:- 
ors) is perceived between them, and the 
deftricity of both fides is thereby dif- 
charged. 

The fubftance of the glafs itfelf in, or 
upon, which thefe eleftricities exift, is im- 
pervious to eledlricity, and does not permit 
them to unite ; but if they be very ftrong, 
aqd the plate of glafs very thin, they will 
force a paffage through the glafs. This,, 
however, always breaks the glafs, and ren- 
ders it incapable of another charge. 

The flalh of light, together with the ex- 
plofion between the two oppofite fides of a 
charged electric,, is generally called the 
eledlric Jhock^ on account of the difagree- 
able fenfation it gives any animal whofe 
body is made ufe of to form the communi- 
cation been them. 

The eledlric fhock is always found to 
perform the circuit from one fide of the 
charged glafs to the other by the fhorteft 
paffage through the beft conduftors. Com- 
mon 
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toon coaimunieated elcftricity alfo obferves 
the fame rule in its tranfmiffion from one 
body to another. 

It has not been found, that the ele^ric 
ihock takes up any fenfible fpace of time ia 
being tranfmitted to the greateft diftances. 

The ekdlric Ihock^ as alfo the common 
eleftric fpark, difplaces the air through 
which it pafles ; and if its paflage from con- 
ductor to conductor be interrupted by non- 
conduftors of a moderate thicknefs, it will 
rend ^nd tear them in its paflage, in fuch a 
manner as to exhibit the appearance of a 
fudden expanfion of the air about the center 
of the (hock. 

If the eledric circuit be interrupted, the 
eleilric matter, during the difcharge, will 
pafs to any other body that lies near its 
path, and inftantly return. This may be 
called the lateral explojion. The efFeft of 
this lateral explofion through a brafs chain, 
when the quantity of eledricity is very 
great, will be the difcolouring and partial 
burning of the paper on which it lies. 

If a great quantity of ele6lricity be accu- 
mulated, as in a battery^ the explofion will 

pafs 
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pafs over the furfapcs of imperfe£t coii^ 
dudtofs without entering them, and the ef* 
feft will be a ftrong concujjwn of the fub* 
fiance. Alfo the eledric matter thus ac- 
cumulated and condenfed^ will, by its re* 
puliion, form concentric circles^ which will 
appear by melting the furface of a flat [nece 
of metal on which the exploficai is. re** 
ceived. 

If an eleftric (hock, or ftrong fpark, be 
made to pafsthrough, or over, the belly of a 
mufcle, it forces it to contraiSl, as in a con-^ 
vulfion. 

If a ftrong ftiock be fent through a fmall 
animal body, it will often deprive it in- 
ftantly of life. 

When the ele(3:ric ftiock is very ftrong, 
it will give polarity to magnetic needles, 
and fometimes it reverfes their poles. 

Great ftiock s, by which animals arc 
killed, are faid to haften putrefaftion. 

Eleftricity and lightning are in all re- 
fpedls the fame thing ; fince every cfFedl of 
lightning may be imitated by eleftricity, 
and every experiment in electricity may be 
made with lightning, brought down from 

the 
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the clouds by means of infulated pointed 
rods of, metal. 



LECTURE XXXVI. 

The fame Subjeii cmUnued. 

Thrke curious and important inftruments, 
which are among the lateft improvements 
in eleftricity, deferve a particular explana- 
tion, and in all of them the efFedl depends 
upon the general principles mentioned above, 
viz. that bodies placed within the influence, 
or, as it is ufually termed, witliin the atmo- 
fphere, of an eleft rifled body, are afFeded 
by a contrary eleftricity, and that thelc 
two eleiftricities mutually attract each 
other. Thefe infl:ruments are the eleBro- 
phorus^ the condenfer of eleftjricity, and the 
doubler of it. 

The eleftrophorus confifts of an infu- 
lated conducting plate applied to an infu- 
lated electric. If the latter have any elec- 
tijicity communicated to it, for example 
the negative, the pofitive eleftricity of the 
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former will be attraftcd by it, and confc- 
quently the plate will be capable of receiv- 
ing eleftricity from any body communi- 
cating with the earth ; being, in this fitua- 
tion, capable of containing more eleftricity 
than its natural quantity. Confequently, 
when it is removed from the lower plate, and 
the whole of its eleftricity equally difFaled 
through it, it will appear to have a redun- 
dance, and therefore will give a fpark to 
any body communicating with the earth. 
Being then replaced upon the eleftric, aqd 
touched by any body communicating with 
the earth, it will be again afFefted as before, 
and give a fpark on being raifed ; and this 
procefs may be continued at pleafure, the 
eleftrophorus fupplying the place of any 
other eleftrical machine. 

If the conduding plate of the eleftropho- 
rus be applied to a piece of dry wood, mar- 
ble, or any other fubftance through which 
clcftricity can pafs but very flowly, or if 
the infulated conducing plate be covered 
with a piece of thin filk, which will make 
fome refiftance to the paflage of electricity, 
and it be then applied to another plate com- 
iijuiiicating with the earth j and if, in ei- 
ther 



' Experimental Phtlofophyf 17^ 

ther of thcfe cafes, a body with a large fur- 
face poffcfTcd of a weak eleftricity be ap- 
plied to the conducing plate, the weak 
cleftricity not being able to overcome the 
obftrudion prefented to it, fo as to be 
communicated to the other plate, willaf- 
feft it with the contrary eleftricity, and 
this reading on the firft plate, will con- 
denfe its eleftricity on that part of the 
platq to which it is contiguous ; in confe- 
quence of which its capacity of receiving 
eledlricity will be increafed ; fo that on the 
reparation of the two plates, that electricity 
which was before condenfed, being equally 
difFufed through the whole plate, will have 
a greater intenfity than it had before, at- 
trading light bodies, or even giving a 
fpark, when the body from which it re- 
ceived its eledricity was incapable of it. 
For though it contained a great quantity of 
cledtricity, it was difFufed through fo large 
a fpace that its intenfity was very fmall. 
This inftrument is therefore called a con^ 
denfer of electricity. 

If an infulated plate of ntjetal poffefliag 
the fmalleft degree of electricity be pre* 
feptcd very near to another plate commu- 
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nicating with the earth, it will afFcdl this 
plate with the oppofite eleftricity ; and 
this being, in the fame manner, applied to a 
third plate, will put it into the lame ftatc 
with the firft. If then thefe two plates be 
joined, and the firft plate be prefented to ei- 
ther of them, its own eledtricity being at- 
traded bj that of the plate pref6nted, that of 
the other will be drawn into it, fo that its 
quantity will be doubled. The fame pro- 
cefs being repeated, will again double the 
eleSricity of this plate, till, from being 
quite infenfible to the moft exquifite elec- 
trometer, it ^yill become very confpicuous, 
or even give fparks. This inftrument is 
therefore called a doubler of chBricity^ of 
excellent ufe in afcertaining the quality 
of atmofpherical ele6lricity when ever fo 
fmall. If this inftrument be fo con- 
ftruded that thefe three phtes can be fuc- 
ceflively prefented to one another by the 
revolution of one of them on an axis, it is 
called the revolving doubler \ and in this 
form it is moft convenient for ufe. 



THE END. 




